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This dissertation seeks to understand the determinants and motivations of citi-
zens’ individual and collective participation in the process of public service de-
livery through the lens of citizen co-production. While citizen participation has
been highlighted particularly in the administrative decision-making process, cit-
izen co-production literature emphasizes the role of citizens in the public service
delivery process. This body of literature argues that citizens may contribute to
public service outcomes by providing time, efforts, knowledge, and by cooperating
with professional public service providers. Utilizing both a relatively uncommon
machine learning technique in public administration, random forest regression,
and traditional statistical approaches, I examine various factors shaping citizens’
individual and collective participation in the process of emergency service deliv-
ery before, during, and after tornadoes. Three empirical chapters suggest that
public trust in issue-specific agencies and social capital play significant roles in
structuring citizens’ individual and collective co-production of emergency service.
The analyses of two methods utilized in this dissertation also suggest further in-
vestigation in quantitative methodology for a better understanding of citizen






Why do citizens decide to participate in the process of public administration?
How can we promote citizen involvement in the public service process? In this
dissertation, I posit that public trust, trust in the issue-specific agency and so-
cial capital play decisive roles in shaping citizens’ decisions on individual and
collective participation in the process of public service delivery. Following these
arguments, I seek to investigate the decisiveness of public trust in structuring
citizen’ individual and collective participation in the process of public service
delivery, particularly emergency service before, during and after tornadoes.
Citizen participation has a long tradition since the history of the United States
started. While the degree and means of citizen participation have varied over
time, scholars in public administration and political science in general have con-
sidered citizen participation in the public policy process as a primary interest and
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objective (Strange, 1972; McGregor and Sundeen, 1984). Scholars have argued
that citizen participation is an essential means to achieve core democratic values
such as innovation, legitimacy, justice, and effectiveness of government actions
(Olsen, 1982; Fung, 2015, 2006; Frederickson, 1996; Denhardt and Denhardt,
2015).
Despite the history of scholarly interest in citizen participation in public ad-
ministration, a majority of interests and focuses have been primarily centered
around the role of citizens in the context of administrative decision making and
agenda-setting process (Ebdon and Franklin, 2006; Franklin, Ho and Ebdon, 2009;
Fung, 2006; Frederickson, 1996; Strange, 1972). However, a body of scholarship in
public administration have recently focused on the role of citizens in the process of
public service particularly at the local level. This body of scholarship is denoted
as “citizen co-production” and they have argued that citizens’ individual and
collective participation in the public service delivery process can improve various
democratic values such as efficiency, effectiveness, innovation, citizenship, empow-
erment, and public trust to name a few (Osborne and Strokosch, 2013; Dunston
et al., 2009; Levine and Fisher, 1984; Jakobsen and Andersen, 2013; Marschall,
2004). While the concept of citizen co-production is defined in somewhat different
ways among scholars (Nabatchi, Sancino and Sicilia, 2017), citizen co-production
may be defined as the contribution of resources by citizens and public service
providers in the process of public service delivery (Brudney and England, 1983;
Brudney, 1983). Scholars have argued that citizens, as co-producers of public ser-
vice, can contribute to the public service process significantly by individually and
collectively providing their knowledge, resources such as time, money and efforts,
ideas, creativities and their cooperation with public service providers (Loeffler
and Bovaird, 2016; Whitaker, 1980; Brudney, 1983).
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The scholarly interests in the role of citizens in the public service process
are primarily driven by the concept of “new governance” (Bingham, Leary and
Nabatchi, 2005; Nabatchi, Sancino and Sicilia, 2017). New governance schol-
ars have argued that given the complexity of social problems and an increase in
public demand for public service, the government cannot solely provide public
service and address problems. Instead, they have maintained that the collab-
orative efforts between public, private and nongovernmental policy actors and
organizations should be guaranteed (Nabatchi, Sancino and Sicilia, 2017). There-
fore, scholars have sought to understand inter-organizational and inter-sectoral
relationships and networks for better governance Agranoff and McGuire (2003);
Stoker (2006). While these efforts did not guarantee a substantial role for citi-
zens in the public service process (Fung, 2015), this line of studies has opened
more rooms for citizen participation in the public service process. Furthermore,
fiscal pressures since 2008 have also contributed to the scholarly interest in citi-
zen co-production to improve the efficiency in the public service process (Pestoff,
2012).
In this dissertation, I look at citizens’ individual and collective co-production
of public service, particularly emergency service in the context of tornadoes.
Emergency service is a core function of government. While different levels of
governments and agencies, particularly at the local level are the key actors to
provide proper emergency service to the communities, governments cannot solely
provide emergency service to address emergencies and disasters (Mees et al.,
2016; Stallings and Quarantelli, 1985). Successful emergency service provision
and delivery require contributions of various actors such as public, private and
non-governmental organizations as well as individual citizens. Particularly, it
has been widely observed that citizens and their cooperation can significantly
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reduce the negative outcomes of emergencies and disasters such as mortality
and property damages (Diekman et al., 2007). Furthermore, citizens can also
significantly contribute to prevent disruptions in daily life after disasters (Peek
and Mileti, 2002). Citizens may participate in the process of emergency service
primarily due to the personal benefits that they can obtain from the participation
in the emergency service process such as their safety. However, it should be
noted that citizen participation in emergency service leads to better emergency
service outcomes at the individual level and it eventually contributes to solving
the problems in the community at the aggregate level (Fung, 2015).
Given the benefits of citizen co-production of public service, it is imperative to
understand the motivations of citizen co-production of public service to promote
it for achieving democratic values particularly in the administrative process such
as effectiveness and efficiency of public service. Therefore, scholars in citizen co-
production have drawn theories and empirical findings from political participation
and economics literature and have found various factors associated with citizen co-
production behaviors and willingness (Uzochukwu and Thomas, 2018; Voorberg
et al., 2018; Van de Graaff, 2016; Parrado et al., 2013; Bovaird et al., 2016).
While these studies have tremendously contributed to our understanding of the
determinants and motivations of citizen co-production of public service, there
have been also some limitations in these studies.
First, these studies have not considered public trust in specific issue agencies
related to the types of public service. While public trust has been considered in
co-production literature, scholars have mainly looked at more general political
institutions such as federal, state and local government as other political science
studies have done. However, it has been observed that trust in issue-specific agen-
cies is more decisive than trust in general political institutions when it comes to
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citizen’s opinions and behaviors related to specific issues. Marschall (2004) argues
that citizen co-production of specific public service cannot be solely explained by
the factors explaining the variations in the general political participation of cit-
izens. Therefore, in this dissertation, I seek to investigate the importance of
public trust in issue-specific agencies in shaping citizen individual and collective
co-production of emergency service.
Second, while scholars have found many variables associated with citizen co-
production behaviors and willingness, scholars have not been able to answer the
following question: which variables are the most decisive factors to shape citizen
co-production behaviors and willingness? This may mainly results from the lim-
itation of traditional statistical approaches. Correlations among variables affect
the statistical significance in the statistical models. Scholars. generally check the
multicollinearity issue by looking at the indexes such as Pearson’s r coefficients or
VIF scores. While the threshold for these indexes vary depending on the scholars
and specific contexts, scholars consider that there is no multicollinearity issue
if the Pearson’s r or VIF is less than the threshold. However, relatively lower
correlation does not mean that the variables in the model are independent as
required for statistical analysis. Under this circumstance, it has been difficult
to answer the decisiveness of factors in shaping citizen’s opinions and behaviors.
The decisiveness of factors is important in terms of theory building. Individual
opinion, behaviors and willingness are rather complex therefore, one factor may
not be able to explain the total variation in individual perceptions, behaviors and
willingness. However, by understanding the relative decisiveness of factors, we
can start examining the most decisive variable closely and think about the causal
mechanisms between the decisive factor and the dependent variable. Given the
absence of citizen co-production motivation theory, I argue that understanding
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the decisiveness of factors may contribute to the development of the theory of
citizen co-production.
To summarize, the primary purpose of this dissertation is to examine how
public trust in issue-specific agencies affect citizens’ individual and collective co-
production of emergency service particularly in the context of tornadoes. Emer-
gency service is a continuous process starting before, during and after emergency
and disasters (Bullock, Haddow and Coppola, 2017). Given that, I seek to inves-
tigate citizen’s co-production behaviors and willingness before, during and after
emergencies, particularly tornadoes and how public trust, trust in emergency ser-
vice agencies and trust in communities and other issue-specific factors shape their
behaviors and willingness for co-production of emergency service. More specifi-
cally, in this dissertation, I ask specific research questions as follows:
1. How do public trust in local emergency service agencies shape citizen’s
individual co-production before tornadoes?
2. How decisive public trust in local emergency service agencies is in shaping
citizens; individual co-production behaviors and willingness during tornadoes?
3. What is the relative decisiveness of social trust in explaining citizen’s
willingness for collective co-production of emergency service after tornadoes in
collaboration with government and non-government led groups?
To answer these questions, I utilize both traditional statistical approaches
and a relatively uncommon machine learning technique, random forest regressor.
While traditional statistical approaches provide the coefficients of explanatory
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variables to show the strength and the directions of variable effects, they do
not allow us to understand the relative decisiveness of explanatory factors in ex-
plaining the variations in the dependent variable mainly due to multicollinearity
issues. However, a random forest regressor calculates the relative decisiveness of
factors without requiring strong parametric assumptions and high correlation is-
sues among explanatory variables. In the meantime, a random forest regressor is
also somewhat limited because it only indicates the decisiveness of factors; it does
not provide the direction of variable effects. Therefore, in this dissertation, I uti-
lize both statistical tools and machine learning techniques to explore how decisive
public trust is in shaping citizens’ behaviors and willingness for co-production of
emergency service among many variables including basic demographic character-
istics, political and social predispositions, and issue-specific factors.
In the following section, I first review the history of broader citizen partici-
pation in public administration. I then provide a review of citizen co-production
including the definition, level of co-production. Based on the review of citizen
co-production literature, I describe what citizen co-production means in the con-
text of emergency service for tornadoes. Afterward, I review the motivational
studies of citizen co-production and describe why public trust matters in citizen
co-production behaviors and willingness. Additionally, I describe a random forest
regressor as a primary method in this dissertation and explain how and why I
utilize both traditional statistical approaches such as OLS, logistic and ordered
probit regressions to answer the questions I ask in this dissertation. Finally, I
conclude this section with the contribution of this dissertation and the outlines
of this dissertation.
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1.2 Citizen Participation in Public Administra-
tion
While there has been a recent resurgence of scholarly interests in citizen partici-
pation in public administration, particularly in the public service process, citizen
participation is not at all a new concept. Citizen participation as a key process of
a democratic society has been highlighted since the history of the United States
started while citizen participation was extremely limited to a certain gender,
economic class and race back then (Strange, 1972).
Citizen participation is generally defined as a process that incorporates cit-
izen’s demands, concerns, interests and values into government decision-making
(Creighton, 2005; Cunningham, 1972). The fundamentals of citizen participa-
tion are well aligned with the values of founding fathers that the government
should represent its people. Voting, as a right of citizens, is the most common
and well-known mechanisms for citizen participation (Whitaker, 1980). However,
throughout the history of citizen participation in public administration, citizens
have participated in the political and administrative process via initiatives, pub-
lic hearings, town hall meeting, and citizen advisory committees as well (Buss,
Redburn and Guo, 2014; Banyan and Olympia, 2006; McComas and Derville,
2005).
Scholars have argued that citizen participation is an essential means to achieve
core democratic values such as innovation, legitimacy, justice, and effectiveness
of government actions (Olsen, 1982; Fung, 2006; Frederickson, 1996; Denhardt
and Denhardt, 2015). More specifically, Fung (2015) argues that legitimacy is
the strongest motivation for having more citizens participating in the political
process. When citizens have opportunities to judge and influence the policies and
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hold politicians accountable, they may be more likely to perceive the government
as legitimate (Przeworski et al., 1999). Furthermore, by including more citizens,
particularly under-privileged, have-not citizens (Arnstein, 1969), the power in
the political and economic process can be redistributed and it will eventually
give more opportunities for have-not citizens to be deliberately included in the
future power distribution. Finally, citizen participation is imperative to improve
the effectiveness to address public and social problems (Fung, 2006). Citizens
who may be affected by the public policy to address social problems are the
ones who suffer the most and they may have the best information and knowledge
about the problematic situation and the solutions to address these problems.
By drawing information, ideas, creativity from citizens, the government may
address public and social problems more effectively (Loeffler and Bovaird, 2016;
Fung, 2015). Given these benefits, scholars in public administration and political
science more broadly have emphasized the role of citizens, particularly in the
context of agenda-setting and decision-making process.
Through various citizen participation mechanisms, citizens have opportuni-
ties to provide input and influence political and administrative decision making
related to policies, tax allocation, program operations and other general decision-
making processes. While there are various types of citizen participation in the
political and administrative decision-making process, Arstein (1969) argues that
any mechanisms of citizen participation make sure to provide opportunities that
citizens can substantively provide inputs in the decision-making process. In her
canonical work of citizen participation, she provided eight mechanisms of citizen
participation using a ladder metaphor. Her categorization includes manipula-
tion, therapy, informing, consultation, placation, partnership, delegated power,
and citizen control. At the lower steps of the ladder such as manipulation and
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therapy, while citizens have the opportunity to participate in the decision-making
process, they do not have substantive power to influence the decision-making pro-
cess. However, at the highest steps of the latter such as citizen control and dele-
gated power, citizens play important roles and have opportunities and power to
meaningfully work with administrators in the process of decision making. Arstein
(1996) maintains that the inclusion of have-not citizens, in turn, leads to more
citizen participation among underprivileged groups in the future decision-making
process.
There have been variations in the degree and forms of citizen participation
throughout the history of citizen participation (Gawthrop, 1998). For instance,
while the founding fathers of American emphasized the representative govern-
ment, citizen participation at the beginning of history was somewhat limited
by economic status, race, gender and education Strange. However, citizen par-
ticipation has embraced broader scope of citizens and it became more popular
since the federal government formally required more active citizen involvement
in policy programs for federal grants-in-aid in the 1950s and 1960s (Day, 1997;
Whitaker, 1980). In order to describe the changes in citizen participation in the
United States over time, King (2015) provides a description of the history of cit-
izen participation in the United States. In this description, he argues that there
have been four eras of citizen participation in the United States: the founding,
populist, progressive and the awakening from the American dream era (King,
2015).
First, in the founding era (birth to 1830s), while founding fathers supported
representative government and sought to reflect the wills of citizens, the role of
citizens was extremely restricted. Given the basic assumption that citizens were
unqualified and uninterested in direct citizen participation, citizen participation
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was limited by economic status, race, gender and education. During this period,
the federal government was in charge of the decision-making process for a majority
of public affairs.
King describes that the populist period started in the 1830s. During this
period (the 1830s to 1890s), under President Jackson’s presidency, decentralized
decision-making started to be heavily highlighted and broader citizen participa-
tion and active public activities were encouraged. During this time, there were
more opportunities provided for more ordinary citizens no matter what their de-
mographics were. One of the citizen participation mechanisms operated during
this time is the New England town hall-style of local governance. New England
town hall meeting promotes citizen participation in local governance via allowing
citizens to speak up their opinions regarding public affairs and to vote for laws
and budgets (Bryan, 2010). While the populist period provided opportunities
for direct citizen participation in the political and administrative process, the
progressive movement era (the 1890s to 1950s) changed the emphasis on citi-
zen participation. This era was heavily affected by the Woodrow Wilson’s essay,
“The study of Administration”. In this essay, he highlights the professionalism
and expertise of administrators. Instead of focusing on citizens’ direct participa-
tion, the government during this era cared about public opinion and sought to
hold themselves accountable to the citizens. During this era, technocrats were
primarily in charge of any administrative process (Kearney and Sinha, 1988) and
the proper role of citizens was to be aware and knowledgeable of public affairs
and to ask the government for their efficiency and expertise.
Finally, King describes the awakening from the American dream period (the
1960s – 2000s). During the 1950s and 1960s, there was another change in citizen
participation in the United States. Public distrust in government significantly
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increased and the government started losing the perceived legitimacy of the ad-
ministrative political process. Given that, citizen participation was considered
an essential key to recover from the damages in public trust and to maintain
a democratic society. Furthermore, there was an underlying belief that citizen
participation might contribute to formulating more realistic and effective poli-
cies to address public and social problems (King, Feltey and Susel, 2015; Irvin
and Stansbury, 2004). Additionally, this situation was coupled with the federal
government requirements for citizen participation and involvement in the ad-
ministrative process particularly for federal grants-in-aid programs (Day, 1997).
Given that, local governments started having more public hearings and tried to
include citizens in the administrative process. However, this is also the time
where public administrators found that inclusion of citizens may be costly and
inefficient particularly in the 1980s. While scholars and practitioners were some-
what skeptical about citizen participation in the administrative process, citizens
were more actively looking for the opportunity for involvement in the adminis-
trative process. Furthermore, under the New Public Administration movement
(Frederickson, 1980), scholars began to maintain the citizen-centered governance
as a form of citizen participation in public administration (Barber, 2003; Freder-
ickson, 1996; Gawthrop, 1998; Thomas, 1995).
Throughout the history of citizen participation, scholars in public adminis-
tration have highlighted the role of citizens mostly in the context of the political
and administrative decision- making and agenda-setting process. However, a re-
cent body of scholarship denoted as citizen co-production, emphasizes the role
of citizens in phases of public service. In citizen co-production literature, citi-
zens do not simply provide inputs for administrative decision-making. Instead,
as a co-producer of public service, citizens make substantive contributions to the
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process of public service provision and delivery. In the next section, I review the
citizen co-production literature and their arguments.
1.3 Citizen Co-production in Public Service De-
livery
1.3.1 Definition of Citizen Co-production
Citizen co-production was initially introduced in the late 1970s and early 1980s
as an alternative to the centralized bureaucracies in public service delivery (Os-
trom, 1972). Under the New Public Management movement, scholars and prac-
titioners focused on more various policy actors including public, private and non-
governmental actors in public service and highlighted the role and responsibility
of individual service users (Levine and Fisher, 1984). Scholars argue that service
users, individual public, can reduce costs and improve the quantity and quality
of public service (Alford, 2014). While it did not attract many audiences in the
research community back then, scholarly interests in citizen co-production have
been resurgent under the importance of collaborative and citizen-centered gover-
nance (Bingham, Leary and Nabatchi, 2005; Frederickson, 1996; Gawthrop and
Waldo, 1984).
As scholars have recently started focusing more on citizen co-production, cit-
izen co-production literature has been criticized due to its imprecision of defi-
nition. In terms of defining citizen co-production, there have been arguments
and disagreement over several aspects of citizen co-production. First, in citizen
co-production, there are two main actors: professional and regular producers and
citizens as co-producers (Ostrom, 1996; Parks et al., 1981). Initially, professional
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producers generally referred to government particularly at the local level. How-
ever, some scholars have expanded the types of regular and professional producers
from local government to public agencies, professionals and service providers po-
tentially in private and nongovernmental sectors (Alford, 2014; Bovaird, 2007).
Scholars have also expanded the co-producers from citizens to clients, customers,
service users, community members, volunteers and community organizations.
There have been also some arguments regarding the characteristics of citizen’s
behavior. While some scholars argue that co-production occurs when citizens vol-
untarily cooperate with the professional public service providers (Brudney and
England, 1983; Whitaker, 1980), others maintain that citizens as co-producers
often participate in co-production of public service partly compulsorily (Osborne
and Strokosch, 2013; Alford, 2009). Furthermore, some scholars emphasize the di-
rect personal relationship between regular public service providers (Brandsen and
Honingh, 2016) when other scholars consider behavior changes by co-producers
such as service users and citizens triggered by public policies as the relationship
found in co-production of public service (Loeffler and Bovaird, 2016).
Finally, while citizen co-production was initially introduced to explain the
involvement of citizens as co-producers of public service at the point of public
service delivery (Ostrom, 1972; Alford, 2009), scholars in citizen co-production
literature have applied the term, citizen co-production in other phases of the
public service cycle such as public service decision making or evaluation phases
(Bovaird, 2007; Sicilia et al., 2016). According to these scholars, they use the
term of co-production as an umbrella term and citizens can contribute to differ-
ent phases of public service by co-commissioning, co-designing, co-delivering and
co-assessing public service (Nabatchi, Sancino and Sicilia, 2017; Brandsen and
Honingh, 2016; Voorberg, Bekkers and Tummers, 2015).
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To reduce the potential confusion, it should be noted that in this dissertation,
citizen co-production is defined as the contribution of resources by citizens and
public service providers in the process of public service delivery. Government,
public, private or non-governmental groups, and agents may participate in the
process of public service delivery as professional public service providers. In the
process of public service delivery, citizens as co-producers may co-produce public
service via contributing their knowledge, resources such as time, money and effort,
ideas and creativity (Loeffler and Bovaird, 2016). Besides, citizens can contribute
to the public service delivery process by directly or indirectly cooperating with
public service providers in carrying out public service programs (Whitaker, 1980;
Vanleene, Voets and Verschuere, 2018).
1.3.2 Levels of citizen co-production
Scholars have sought to create typologies of co-production. Brudney and England
(1983) initially suggested three levels of co-production based on whether citizens
individually or collectively participate in co-production and whether the bene-
fits resulted from co-production are enjoyed individually or collectively. First, in
individual co-production, citizens participate in co-production individually. Cit-
izens often participate in individual co-production compulsorily (Osborne and
Strokosch, 2013; Alford, 2009), however, they also co-produce public service vol-
untarily because they would be the consumers of this public service as well.
Through individual co-production, citizens who co-produce public service obtain
the benefits from this process. Common examples of individual co-production
include clients working with health service providers (Clark and Fairlie, 2015; Jo
and Nabatchi, 2019; Cepiku and Giordano, 2014).
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In group co-production, a group of citizens participates in co-producing pub-
lic service for their benefits. In group co-production, citizens collectively co-
produce public service with public service providers and the benefits from the
co-production process are shared by those who participate in this process. In
collective co-production, citizens collectively participate in the co-production of
public service as they do in group co-production. However, the difference be-
tween group co-production and collective co-production is that the benefits col-
lectively produced via collective co-production process can be enjoyed by the
entire community and the benefits are not limited to those who participate in
the co-production process, but the entire community can share them (Brudney
and England, 1983; Bovaird et al., 2016). A common example in collective co-
production is citizen’s participation in neighborhood watch programs. Citizens
and community members participate in neighborhood watch programs to com-
bat crime in their community and their participation benefits not only them but
for the entire community by providing a safer environment of their community
(Goldstein, 1977; Innes et al., 2011; Sabet, 2014).
While Brudney and England in 1983 initially suggested three levels of citizen
co-production, some scholars consider group co-production as a part of collective
co-production (Bovaird et al., 2015, 2016). Bovaird and his colleagues (2016)
categorize citizen co-production into two-level, instead of three: individual and
collective co-production. This categorization is based on two criteria. First,
they consider whether individuals collectively or individually co-produce public
service. They then consider whether individuals are collectively or individually
benefited from the co-production of public service. While their approaches show
that collective and individual co-production can be motivated by both self-interest
or more general altruistic motivations, this categorization may imply that citizens
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can enjoy the benefits from co-production only either individually or collectively
In this dissertation, I focus on two levels of citizen co-production: individual
and collective co-production based on whether citizens individually or jointly take
actions to contribute to public service delivery. However, I argue that the benefits
from individual and collective co-productions can be shared both individually
and collectively in a long-term. For instance, citizens may individually take
certain actions to contribute to public service delivery for their personal interests.
Through participating in individual co-production, citizens expect to enjoy some
personal benefits such as better education attainment or better health outcome.
However, I argue that individual co-production may produce better outcomes of
public service for individuals and this eventually leads to solving public problems
at the aggregate level because public problems are consisting of problems of
multiple individuals. When we have more individual citizens who have fewer
problems or enjoy better public service outcomes, this may eventually create a
better community and society.
1.4 Citizen Co-production of Emergency Ser-
vice
Following the previous arguments, in this dissertation, I define citizen co-production
as the contribution of resources by citizens in the process of public service deliv-
ery. By contribution of resource I mean here citizen’s knowledge, resources such
as time, money and efforts, ideas and creativities as well as their cooperation
with professional public service providers (Brudney and England, 1983; Loeffler
and Bovaird, 2016; Whitaker, 1980). Citizens can individually or collectively co-
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produce public service by providing their contribution to the process of public
service delivery. The short-term benefits may be personal in citizens’ individual
co-production; however, I argue that personal benefits may be aggregated and
eventually solve broader social issues. In this dissertation, I seek to investigate the
motivations and determinants of citizen’s individual and collective co-production
of emergency service, particularly in the context of tornadoes. To do so, I first
clarify what citizen individual and collective co-production of emergency service
mean in the context of tornadoes.
Emergency service is provided throughout the four phases of emergency man-
agement. Four phases include mitigation, preparedness, response and recovery
(Bullock, Haddow and Coppola, 2017; Mushkatel and Nigg, 1987). The mitigation
phase includes all the activities to prevent emergencies and disasters. However,
the complete prevention of natural hazards is not feasible, therefore, in terms of
natural hazards, mitigation means the activities to prevent an emergency from
becoming a disaster. During the preparedness phase, emergency service agen-
cies develop emergency response plans and train professional first responders and
other relevant actors according to the plans. It should be noted that there is a
fuzzy distinction between mitigation and preparedness. Scholars and practition-
ers often use these two terms interchangeably. While both mitigation and pre-
paredness phases start before emergencies and disasters, the preparedness phase
assumes the occurrence of emergencies and disasters when the mitigation phase
tries to reduce the probability of its occurrence. Response phases include all
the activities to provide assistant to people and communities to minimize risks.
Finally, in recovery phases, emergency service agencies support people and com-
munities to return back to their normal life. Emergency service agencies often
seek to respond to and recover from emergencies and disasters simultaneously
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once disastrous events occur.
Under the consideration of these phases, there may be several ways that cit-
izens individually and collectively co-produce emergency service before, during
and after disasters. While scholars have looked at citizen co-production of emer-
gency service (Mees et al., 2016; Stallings and Quarantelli, 1985), they have
looked at the term of co-production as an umbrella term and considered co-
commissioning, co-designing, co-delivery and co-evaluation of emergency service.
However, it should be noted that in this dissertation, I only focus on co-delivery
as co-production of public service.
One of the most common forms of individual co-production of emergency
service is to provide disaster-related information (Dı́az, Carroll and Aedo, 2016;
Mees et al., 2016; Stallings and Quarantelli, 1985; Innes et al., 2011). For instance,
the city of Norman emergency management office in Oklahoma tests tornado
sirens each Saturday at noon. If the siren is not heard, it means that there is
an issue with the siren system. Therefore, the residents of the city of Norman
often contact their local emergency manager to inform that there was a failure
of the siren test so that the emergency manager can make sure that the system
works. Furthermore, citizens can provide possible dangers near their residence
to their local emergency service agencies. This type of individual co-production
may occur before, during, and after tornadoes and other disastrous events. This
type of individual co-production may benefit both individuals who participate in
this process and the entire community.
Another form of cooperation citizen’s individual co-production is emergency
preparedness at the household level (Stallings and Quarantelli, 1985). Local
emergency service agencies such as local emergency management offices and
other professional first responders provide guidelines for emergency prepared-
19
ness to minimize the risks associated with emergencies and disasters once they
occur. Scholars in emergency management have shown that individual household
level cooperation with emergency preparedness recommendations at the individ-
ual level can significantly reduce the negative outcomes such as mortality and
property damages resulted from disastrous events(Diekman et al., 2007). This
type of individual co-production may occur before tornadoes and other disastrous
events.
Additionally, citizens can individually co-produce emergency service during
tornadoes through cooperating with local emergency service agencies. When
there is a tornado warning issued, citizens are recommended to take some pro-
tective action such as moving to a sheltered area. By cooperating with this rec-
ommendation during tornadoes, citizens can obtain some personal benefits such
as their own safety and significantly contribute to emergency service outcomes
at the aggregate level as well. Following evacuation orders during hurricanes and
staying away from a certain area during flash floods based on the recommenda-
tions suggested by local emergency service agencies are other examples of citizens’
individual co-production during disasters.
Citizens may also collectively co-produce of emergency service (Stallings and
Quarantelli, 1985). For instance, in order to manage flood risks, governments in
some countries have operated citizen groups named “flood leaders” in Belgium
and Poland and “flood wardens” in England (Mees et al., 2016). Under these
programs, citizens are first trained for emergencies and disasters and assist emer-
gency service agencies during emergency events. In the United States, FEMA
and local emergency management offices have operated government-led group
named Community Emergency Response Team (CERT). Similar to flood leaders
and flood wardens, citizens are trained as first responders for various disastrous
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situations and assist emergency service agencies in the implementation and co-
ordination of response and recovery activities during and after emergencies and
disasters (Flint and Stevenson, 2010). Furthermore, citizens can volunteer for
nongovernmental groups that seek to provide emergency service independently
or in collaboration with governmental groups.
In this dissertation, I look at two individual co-production and one collective
co-production of emergency service before, during, and after tornadoes. More
specifically, I look at the motivations and determinants of citizens’ cooperation
with emergency preparedness recommendations before tornadoes in the second
chapter. I then focus on citizen’s cooperative behaviors and willingness dur-
ing tornadoes. In this chapter, I investigate factors affecting citizens’ decisions
on taking protective action during tornadoes based on the information provided
by emergency management authorities and their willingness for future action.
Finally, in my fourth chapter, I look at citizens’ collective co-production of emer-
gency service by focusing on their willingness to participate in CERT as a form of
collective co-production. Furthermore, I also look at their willingness to volunteer
for nongovernment-led groups to respond to and recovery from tornadoes.
1.5 Determinants of Citizen Co-production
1.5.1 Public Trust in Issue-specific Agency and Citizen
Co-production
In this dissertation, I posit that public trust is a key factor in shaping citizens’
behaviors and willingness for co-production of public service. By public trust, I
mean public trust in public service agencies and public trust in society denoted
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as social capital. In this section, I describe the reasoning of this argument.
Scholars in public administration argue that public trust in government plays
an important role in the interactions between citizens and government. They
have argued that public trust in government may increase citizen’s willingness
to be compliant and cooperative with government policies and recommendations
(Makkai and Braithwaite, 1994; Levi, 1998; Kim, 2005). While some argue that
citizens’ compliance of laws and regulations may be mainly driven by the fear
of punishment (Whitaker, 1980), others claim that citizens may voluntarily ac-
cept most decisions and recommendations made by the government when they
perceive greater trust in government (Kim, 2005). In other words, greater trust
in government leads to greater citizen cooperation without any coercion (Levi
and Stoker, 2000; Scholz and Lubell, 1998; Scholz and Pinney, 1995; Chanley,
Rudolph and Rahn, 2000; Thomas, 1998; Ruscio, 1997).
Public administration scholars, political scientists more broadly, have primar-
ily highlighted public trust in general political institutions such as the Presi-
dent, Congress, federal, state or local government to understand citizens’ behav-
iors and attitudes toward government, government policies and recommendations
(Cooper, Knotts and Brennan, 2008; Hetherington and Rudolph, 2008; Rahn and
Rudolph, 2005). However, a body of scholarship in public administration has re-
cently highlighted the need to investigate public trust in issue-specific agencies
for several reasons (Robinson, Stoutenborough and Vedlitz, 2017; Robinson et al.,
2012).
First, previous polls and existing studies have shown that citizens are capable
of evaluating different levels of government and agencies differently (?Robinson,
Stoutenborough and Vedlitz, 2017; Kettl, 2019). Furthermore, citizens evaluate
the level of trust in government based on their specific policy expectations and
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preferences (Bouckaert and Van de Walle, 2003; Christensen and Lægreid, 2005;
Job, 2005; Ryzin, 2004; Yang and Holzer, 2006). According to this evidence, it
is reasonable to assume that citizens evaluate the level of trust in issue-specific
agencies based on the context-specific variables. Additionally, it follows intu-
itively to look at public trust in a specific agency to understand citizen’s coop-
erative behaviors, willingness and perceptions towards specific policies. This is
because, for example, public trust in the Department of Homeland Security or
Federal Emergency Management Agency (FEMA) matters more than their trust
in general political institutions when it comes to decisions regarding emergency
preparedness for various disasters. In fact, it has been observed that citizens
tend to cooperate with the police more when they perceive greater trust in the
police department (Tyler, 2005). Tyler (2005) finds that greater trust in the po-
lice department leads citizens to report dangerous or suspicious activities in their
community to the law enforcement agency.
Citizen co-production scholars have also emphasized public trust in govern-
ment in citizen co-production behaviors and willingness(Fledderus, Brandsen and
Honingh, 2014; Fledderus, 2015; Van de Graaff, 2016; Parrado et al., 2013) al-
though these studies primarily look at how citizens’ participation in the co-
production process may affect their trust in government (Fledderus, Brandsen
and Honingh, 2014; Fledderus, 2015; Kang and Van Ryzin, 2019). These studies
argue that citizens’ participation of co-production may lead to greater trust and
legitimacy of government. Furthermore, while some studies have investigated
how public trust may shape citizen’s co-production behaviors and willingness,
there have been some mixed findings on the effect of public trust (Van de Graaff,
2016; Parrado et al., 2013).
Despite the recognition of the importance of public trust, there have been
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insufficient studies focusing on how public trust in government leads to citizens’
co-production behaviors and willingness. In this dissertation, I argue that it
is reasonable to expect that public trust in government plays a primary role
in structuring citizens’ behaviors and willingness to co-produce public service,
especially when citizens’ contributions can be made through their cooperation
with the government. Therefore, in this dissertation, I seek to investigate the
decisiveness of public trust in issue-specific agencies and their effects on citizen
co-production of emergency service particularly in the context of tornadoes. By
issue-specific agencies in the context of emergency service, I mean local emergency
medical agency, law enforcement, fire department and local government in the
context of emergency management.
1.5.2 Public Trust in Government and Citizen Co-production
of Emergency Service
Scholars in emergency management have investigated the role of public trust in
managing emergencies and crises. While they do not use the term of citizen
co-production, they have primarily looked at citizens’ contribution in emergency
management by cooperating with emergency management authorities and emer-
gency service agencies.
For instance, a study of the refugee crises in Turkey found that refugees’
trust in government and legitimacy lead to their greater cooperation and compli-
ance with the government policies of hosting country (Demiroz and Unlu, 2018).
Furthermore, scholars have examined how public trust in federal, state, or local
government is associated with individual cooperation with the government, par-
ticularly emergency preparedness recommendations for various emergencies such
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as earthquakes, hurricanes, terrorist attacks, and other health-related situations
(Murphy et al., 2009; Murphy, Greer and Wu, 2018; Basolo et al., 2009; Arlikatti,
Lindell and Prater, 2007; Perry and Lindell, 1991; Terpstra, 2011). Most scholars
have provided evidence that there is a positive association between public trust
in government and citizens’ cooperation with the government. These scholars
have found that citizens are more likely to adopt emergency preparedness mea-
sures when they perceive higher trust in government (Paton, 2008; Longstaff and
Yang, 2008; Murphy et al., 2009; Murphy, Greer and Wu, 2018; Ablah, Konda
and Kelley, 2009)
However, there are also mixed findings regarding the effect of trust in gov-
ernment in the context of emergencies. For instance, Terpstra (2011) finds that
citizens who have a higher level of trust in government are less likely to have
a higher level of flood preparedness intentions (Terpstra, 2011). One potential
explanation of this association is that citizens may not see the necessity of adopt-
ing preparedness measures if they believe that the government will take care
of the potential emergencies for them (Murphy, Greer and Wu, 2018; Scolobig,
De Marchi and Borga, 2012). In other words, citizens may pass on the full re-
sponsibility of preparing and responding to emergencies to the government when
they perceive higher trust in government.
However, most evidence suggests that higher trust in government is positively
associated with citizens’ cooperation with the government across many other haz-
ards; therefore, this relationship may also be present when examining prepared-
ness for tornadoes. If citizens trust the government more, they will consider the
risk estimates and risk mitigation policies of emergency service agencies more
credible (Johnston et al., 1999). While previous studies investigating public trust
in government and citizens’ cooperation in emergency management have signif-
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icantly contributed to the scholarship, they have mainly looked at public trust
in general political institution, rather than emergency service agency. Therefore,
following the previous argument, I expect that citizens may be more cooperative
in the emergency service delivery process if they trust the government, particu-
larly the emergency service agencies.
1.5.3 Social Capital and Citizen Co-production
As previously stated, I posit that social capital may be also a key factor in
structure citizens’ co-production behaviors and willingness, particularly at the
collective level. Social capital generally refers to the “features of social organi-
zation such as networks, norms, and social trust that facilitate coordination and
cooperation for mutual benefit” (Putnam, 1995). Scholars have argued that so-
cial capital makes individual cooperation possible, therefore, it helps us to achieve
certain ends in society (Fukuyama, 2000; Putnam, 1993; Coleman, 1988).
Ostrom (1996) argues that social capital is required to fulfill the promises of
collective action. She argues that social capital measured by trustworthiness, net-
work and institution can enhance the trust in society and this trust can achieve
collective action and its benefits (Ostrom and Ahn, 2009). Given the strong social
capital in society, people believe that others in society will do things for helping
each other, therefore, it eventually leads to a stronger commitment to collective
actions (Fukuyama, 2000; Voorberg, Bekkers and Tummers, 2015). Scholars in
other disciplines have also found that social capital leads to individuals to partic-
ipate in collective actions such as volunteering (Martikke et al., 2019). However,
It should be noted that there is a reciprocal relationship between collective ac-
tion and social capital. While social capital may encourage collective actions in
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society, collective actions, in turn, helps developing more social capital as well as
(Pestoff, 2012; Fox, 1997; Bovaird et al., 2016; ?).
According to these arguments, it is reasonable or even necessary to consider
the role of social capital in structuring collective co-production of public service
among citizens. However, Voorberg and his colleagues (2015) have found that
only 30 percent of studies focus on social capital in shaping citizens’ co-production
behaviors and willingness. Under this circumstance, in this chapter, I seek to
understand, in addition to other factors, the decisiveness of social capital in
shaping citizen co-production.
1.5.4 Other determinants of citizen co-production
While there have been insufficient quantitative studies, scholars in public admin-
istration have sought to understand the determinants and motivation of citizen
co-production of public service (Parrado et al., 2013; Alonso et al., 2019; Bovaird
et al., 2016, 2015). Scholars have primarily drawn theories and arguments from
different bodies of literature in political science, public administration, economics,
and psychology and found several variables associated with citizen co-production
behaviors and willingness.
First of all, Scholars have shown that gender, age, education, household loca-
tion are likely to influence citizen’s co-production activities and their willingness
(Sundeen, 1988; Alford and Yates, 2016; Egerton, 2002; Parrado et al., 2013; Bo-
vaird et al., 2016, 2015; Alonso et al., 2019). For instance, studies have found
that women are more associated with individual co-production in environmen-
tal areas (Parrado et al., 2013; Bovaird et al., 2016, 2015; Alonso et al., 2019).
Furthermore, these studies have found that older people are more likely to par-
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ticipate in individual co-production and other general civic activities (Parrado
et al., 2013; Bovaird et al., 2016, 2015; Alonso et al., 2019). While scholars from
other disciplines such as psychology have argued that well-educated people are
more likely to be knowledgeable about environmental issues and take actions to
address them, co-production studies in public administration have found that
education does not make a big difference to individual behaviors and willingness
to co-produce public service (Alford and Yates, 2016; Parrado et al., 2013). Ad-
ditionally, scholars have found that people who live in an urban location are more
negatively associated with co-production willingness particularly on environment
issues (Parrado et al., 2013).
Income, race, home-ownership and whether they live with minor children have
been investigated to understand citizens’ behavior and willingness to co-produce
public service. Scholars have argued that higher income will be more associated
with citizen’s participation in co-production. While the effect of race can vary
depending on contexts (Uzochukwu and Thomas, 2018), most prior research has
shown that racial minority population is less associated with co-production be-
haviors and willingness (Jakobsen and Andersen, 2013). Uzochukwu and Thomas
(2018) argue that residents who have minor children will not be more involved
in the co-production of public service following the arguments of citizen-initiated
contacting theory. However, numerous studies have shown that households with
minor children and other caretakers are more likely to be cooperative with govern-
ment particularly in the context of disasters and emergency management (Mur-
phy et al., 2009; Ablah, Konda and Kelley, 2009). This shows that these variables
may vary depending on the context of a specific policy area.
Scholars have also looked at some psychological factors such as self-efficacy
to understand citizen’s co-production behaviors and willingness (Bandura, 2013;
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Wise, Paton and Gegenhuber, 2012; Parrado et al., 2013; Bovaird et al., 2016,
2015; Uzochukwu and Thomas, 2018; Alonso et al., 2019). These studies have
shown that when citizens believe that they can make a change, they are more
likely to be associated with the co-production of public service. Furthermore,
Uzochukwu and Thomas (2018) argue, based on citizen-initiated contacting the-
ory, that when people perceive the need for new or improved public service in-
crease, they are more likely to co-produce public service. Individual attitudes
toward government and perceived service importance have been also investigated
(Bovaird et al., 2016, 2015). While there have been mixed results, these studies
have shown that a positive attitude towards government performance and their
interaction with citizens may be positively associated with citizen’s participation
in individual co-production of public service.
1.6 Method
1.6.1 Limitations of Traditional Statistical Approaches
In numerous public administration and political science studies, scholars have pri-
marily utilized traditional statistical approaches such as Ordinary Least Squares
(OLS), logistic and ordered probit regressions to understand the correlations be-
tween explanatory variables and their dependent variable. For instance, Choi and
Wehde (2019) utilize OLS regression analyses to see the relationship between how
people define the earthquakes in Oklahoma affects their support for earthquake
mitigation policy (Choi and Wehde, 2019). The analyses of OLS regression pro-
vide the coefficient of each explanatory variable and its significance. The size
and direction of coefficients then indicate the effect of explanatory variables in
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explaining the variations in the dependent variable. Furthermore, by comparing
the size of coefficients, scholars may conclude which variables have more impact
on the variations in the dependent variable.
While studies utilizing traditional statistical approaches have significantly
contributed to our understanding of many relationships in public administration
and political science more broadly, these results are somewhat limited. Tradi-
tional statistical approaches are often based on strong parametric assumptions:
scholars assume that samples they use in their research are drawn from the pop-
ulation which has specific characteristics (Garson, 2012). For instance, in OLS
regression, it is assumed that the relationship is linear (linearity assumption) and
the data have a normal distribution (normality) to name a few (Berry, 1993).
While logistic or ordered probit regressions do not require normality or linearity
as OLS regression does, they still require some assumptions. However, unfortu-
nately, these assumptions are often violated particularly in social science data.
While some violations may not significantly affect the research, others may change
the conclusions (Garson, 2012).
Furthermore, most parametric statistical models as one of the assumptions, re-
quire that explanatory variables in a model are not perfectly or highly correlated
to each other. Scholars often use Pearson’s r coefficient or Variation Inflation
Factor (VIF) to detect high correlation issues (Garson, 2012). While the thresh-
old for multicollinearity issue is somewhat arbitrary (Fotheringham and Oshan,
2016), the threshold of 5 for VIF is generally utilized (Garson, 2012). However,
the problem here is that lower correlation does not mean that there is no correla-
tion among explanatory variables. If explanatory variables are correlated to each
other even at the lower level, it is difficult to understand the effects of variables
and their significance. Given that, it is not helpful, or even inaccurate to discuss
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the relative decisiveness and importance of variables among many in a model
by comparing the coefficient sizes of explanatory variables although standardized
coefficients may provide some insights.
Under this circumstance, I intend to utilize a relatively uncommon machine
learning technique, random forest regressor. Random forest regressor (RFR) is an
ensemble machine learning technique which may be utilized for efficient regression
and classification tasks on large data sets Hastie et al. (2005). Furthermore,
as a by-product, a random forest regressor allows us to calculate the relative
decisiveness (importance) of explanatory variables without any strong parametric
assumptions and correlation issues.
1.6.2 Random Forest Regressors and Decision Trees
Random forest regressors utilize multiple decision trees to predict the dependent
variables. Therefore, to understand random forest regressors, it is important to
understand the logic of decision trees. A decision tree is a branching method
splitting a data set according to its various explanatory variables. Based on a
node, each explanatory variable, a decision tree split the data set by measuring
the effectiveness of the split. By the effectiveness of the split, it means impurity
or variance reduction in the split data set. Variance reduction for a regression
















and where Nm is the number of data points at a particular node m. The set Qm
represents the data that resides at a node. The total impurity at this node may







H (Qright(θ)) , (1.3)
where nleft and nright correspond to the number of children data points in the
left and right branches arising from the node m and
Qleft(θ) = (x, y)|xj <= tm,
Qright(θ) = (x, y)|xj > tm
(1.4)
are the left and right split data sets respectively. Note that the splitting of Qm
depends on a independent variable xj and a threshold tm at each node. Scholars
generally choose the median value of variable as a threshold. The decision tree
splits the data Qm in a way that minimizes G(Qm, θ) by choosing an optimal
dimension j for the independent variable.
A decision tree splits the data set repeatedly for every node (corresponding
to a different j) until certain criteria are met such as Nm <= Ntol at which
point the node is denoted a leaf. Researchers may decide the certain criteria for
the analysis. A decision tree may stop branching if a certain maximum depth is
reached. A new data point (i.e., an unseen sample) can then follow the branching
trajectory (by tracking the order of splits by j and Equation 1.3 and placement
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into left or right branches by tm) and reach a leaf. In case a Ntol criteria is set,
the prediction of the decision tree for a sample is the average prediction value of
the dependent variables at this leaf.
RFRs utilize multiple decision trees by selecting random subsets of the total
data for each tree to obtain a consensus on regression predictions. This leads to
greater accuracy than the utilization of one decision tree solely which is prone to
the phenomenon of ‘overfitting’, implying a lack of generalization of the model.
Each tree utilizes a random subset of the data through sampling with replacement
and may therefore obtain a completely different branching structure depending on
the distribution of that particular data set. The generation of multiple decision
trees as estimators also encourages generalization. RFRs are well-suited to the
modeling of non-linear interactions between independent variables for which they
considered more robust than linear regression methods. In addition to greater ro-
bustness in model building, RFRs also provide their users a metric of independent
variable importance. Each decision tree therefore provides different estimates for
impurity reduction for each variable for each tree. Average impurity reductions
may then be obtained for the entire forest and used to rank the relative im-
portance of variables. In other words, variables with the most average impurity
reduction are classified as more important.
1.6.3 Limitations of Social Science Data and Random For-
est Regressor
While scholars particularly in computer science community have heavily utilized
random forest regressor with a big data set, it should be noted that social sci-
ence data set scholars utilize in public administration and political science more
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broadly are, not always however often, relatively small. Given that, it is reason-
able to execute several validations of the results before making any conclusions.
In order to do so, in this dissertation, I create 40 different random forests and
80 % of the data is utilized as a training set. Subsequently, for each tree, a
hyper-parameter optimization is performed to determine the optimal depth for
branching following the practice of computer science community. This optimiza-
tion scans between a minimum branching depth of 4 to a maximum depth of 15
to determine when branching should be stopped to account for the lowest mean
absolute test error. Note that the test error comes from the 20% of the total data
set that is kept aside for each of the 40 assessments - commonly denoted test data
in machine learning parlance.
The implementation of the RFR in this dissertation uses the well-known scikit-
learn machine learning package for Python. I utilize 100 trees with each tree using
all the independent variables and keep Ntol = 1. Variable rankings (obtained from
the forest with the optimal depth) are then ranked according to their importance
on this set. Finally, one is left with 40 sets of variable importances. I stack all
the feature importance and display box plots which also show median, quartile,
minimum, maximum and outlier values for the ranking a variable obtained. I can
thus be more confident about the conclusions in this manner.
While random forest regressor allows us to explore the relative decisiveness of
explanatory variables without any strong parametric assumptions and high cor-
relation issues, it should be noted that these methods can only provide limited
information: it does not provide correlation coefficients. Therefore, it may be
possible to see which variable is the most decisive factor shaping the dependent
variable, however, we cannot conclude whether this factor positively or nega-
tively affects the dependent variable. Therefore, in this dissertation, I utilize
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both random forest regressors and other traditional statistical tools to provide
comprehensive information about the associations between motivational factors,
particularly public trust in the issue-specific agency and social capital, and citizen
co-production behaviors and willingness.
1.7 Chapter Summaries
In this dissertation, I look at the citizen’s participation in the process of public
service through the lens of citizen co-production. The primary purpose of this
dissertation is to understand the determinants and motivations of citizens’ indi-
vidual and collective co-production of emergency service before, during and after
tornadoes. This dissertation seeks to contribute to the scholarly endeavors to un-
derstand citizen co-production by emphasizing public trust as a primary factor,
considering more issue-specific contexts and factors. Furthermore, by utilizing
multiple methods and under-investigated public service areas, this dissertation
seeks to take the first step to develop a theory of citizen co-production as a
part of a broader research program. Additionally, through the lens of citizen co-
production, I expect to provide different perspectives to emergency management
practitioners regarding the role of citizens as a co-producer, not a simple service
consumer who should obey the orders of emergency management authorities.
In Chapter two, I seek to investigate how public trust in issue-specific agen-
cies, in conjunction with individual characteristics, affect citizens’ individual co-
production of emergency service. More specifically, I look at citizens’ individual
co-production before tornadoes, preparedness for tornadoes and how citizen’s co-
operation in the emergency service process is shaped by their trust in local emer-
gency service agencies. Furthermore, I also examine the relative decisiveness of
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public trust in local emergency service agencies among basic demographics, po-
litical and social dispositions and issue-specific factors. Using a unique survey, I
find that public trust in local emergency service agencies, as a mediator, is posi-
tively associated with citizens’ preparedness for tornadoes. Furthermore, public
trust in local emergency service agencies seems to be one of the most decisive
factors in structuring citizens’ cooperation with local emergency service agencies
in addition to social capital.
In Chapter three, I explore the decisiveness of various factors in shaping citi-
zens’ decisions on taking protective actions during tornadoes and willingness for
future events as a form of co-production of emergency service at the individual
level. By utilizing both random forest regressor and logistic regression model, I
find that risk perception, trust in local emergency service agencies and social cap-
ital are the most decisive factors to shape citizens’ behaviors and willingness to
take protective actions during tornadoes. However, the logistic regression analy-
ses provide somewhat nuanced effects of social capital on citizens’ co-production
behaviors and willingness.
While the first two empirical chapters focus on citizens’ individual co-production
behaviors and willingness before and during tornadoes, Chapter four investigates
citizens’ collective co-production willingness to co-produce emergency service af-
ter tornadoes in collaboration with government and nongovernment-led groups.
This chapter finds that social capital is the most decisive factor to shape citizen’s
willingness to work with the government-led group, Community Emergency Re-
sponse Team (CERT) and to volunteer for nongovernment-led groups to respond
to and recover from tornadoes. The ordered probit regression analyses indicate
that people with higher social capital are more willing to co-produce emergency
services with government and non-governmental groups for their community.
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Last, in Chapter five, I conclude with a summary of each empirical chapter.
The concluding chapter also includes the theoretical and practical contributions
of this dissertation. Furthermore, I provide direction for future research plans to
extend the findings in this dissertation and to understand the effect and process
of citizen co-production in the process of public service.
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Abstract
How does public trust in issue-specific agencies, in conjunction with individual
characteristics, affect citizens’ co-production of public service? How decisive pub-
lic trust is in shaping citizens’ co-production behavior? In this chapter, I seek to
answer these questions by investigating how public trust in local emergency ser-
vice agencies affects citizens’ co-production of emergency service in the context of
tornadoes by utilizing a relatively uncommon machine learning technique in pub-
lic administration, random forest regressor, and traditional statistical approach. I
particularly focus on citizens’ preparedness for tornadoes that are recommended
by emergency service agencies as a form of individual co-production. Using a
unique survey, I find that public trust in local emergency service agencies, as a
mediator, is positively associated with citizens’ preparedness for tornadoes. Fur-
thermore, public trust in local emergency service agencies seems to be one of
the most decisive and important factors in structuring citizens’ cooperation with
local emergency service agencies in addition to social capital. I end with a dis-
cussion of the implications and contributions of this study.
Keyworkds Citizen co-production, Emergency management, Tornado prepared-
ness, Public trust in an issue-specific agency, Machine learning
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Chapter 2




While scholars have used the term, citizen co-production in somewhat different
ways (Nabatchi, Sancino and Sicilia, 2017), citizen co-production is often defined
as the process that citizens, traditionally considered as public service consumers
contribute to the public service provision and delivery via direct and indirect
interaction with public service providers (Brudney, 1983). As co-producers of
public service, citizens may contribute to the process of public service delivery by
providing their knowledge, resources such as time, money and effort, ideas and
creativity (Loeffler and Bovaird, 2016). Furthermore, citizens may cooperate with
public service providers in carrying out public service programs (Whitaker, 1980;
Vanleene, Voets and Verschuere, 2018; Brudney, 1987). Scholars have argued
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that citizen co-production may not always involve a direct relationship between
citizens and public service providers. For instance, citizen’s behavioral changes
by a new policy may be considered as co-production of public service (Loeffler and
Bovaird, 2016). 1. In this chapter, I particularly focus on citizen cooperation with
the public service provider as a form of citizen co-production of public service
delivery.
Citizen co-production was introduced in the late 1970s and early 1980s as an
alternative to the centralized bureaucracies in public service delivery and provi-
sion (Ostrom, 1972). While it did not attract many audiences in the research com-
munity back then, scholarly interests in co-production have been resurgent under
the importance of collaborative efforts among public, private, non-governmental
actors as well as citizens and community members in the process of public ser-
vice provision and delivery (Alford, 1998; Osborne, Radnor and Strokosch, 2016;
Fung, 2015; Bingham, Leary and Nabatchi, 2005).
Under the resurgence of scholarly interests in citizen co-production, schol-
ars have recently sought to investigate various factors driving citizens’ behaviors
and willingness and have found various factors explaining the variations in citi-
zens’ behaviors and willingness to co-produce public service (Parrado et al., 2013;
Bovaird et al., 2016, 2015; Voorberg et al., 2018; Van de Graaff, 2016). These
studies have found that basic demographic characteristics, individual attitudes
toward government and public service and intrinsic and extrinsic motivations
affect citizens’ co-production behaviors and willingness (Wise, Paton and Gegen-
huber, 2012; Sundeen, 1988; Talsma and Molenbroek, 2012; Bovaird and Loeffler,
1While using the term citizen here, I do not mean to only include individuals who possess
the legal citizenship of the United States. I intend to mean more general public and community
members who enjoy public service. However, I still choose to use the term of the citizen here
to be consistent with existing literature
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2008; Parrado et al., 2013; Bovaird et al., 2016, 2015; Pestoff, 2012; Alford, 2009;
Marschall, 2004).
While these factors are important to understand the motivations and determi-
nants of citizen co-production, I argue that public trust in an issue-specific agency
may play an important role to shape citizen co-production behavior, particularly
citizens’ cooperation with public service providers. Public administration schol-
ars have argued that public trust in government may explain many variations
in their cooperative and compliant behaviors with government policies, orders,
and recommendations (Kim, 2005; Chanley, Rudolph and Rahn, 2000; Scholz
and Lubell, 1998; Scholz and Pinney, 1995; Hough et al., 2010). These schol-
ars have shown that citizens are more cooperative with and compliant with the
government when they perceive greater legitimacy and trust in government.
Furthermore, a recent body of scholarship has argued that public trust varies
in different levels of government and agencies particularly depending on the spe-
cific issues they are dealing with (Robinson, Stoutenborough and Vedlitz, 2017;
Robinson et al., 2013; Choi and Wehde, N.d.). Therefore, it is imperative to
look at public trust in an issue-specific agency to understand their cooperation
with the agency. For instance, Tyler (2005) finds that citizens are more likely to
be cooperative with the police department when they perceive greater trust in
the police department (Tyler, 2005). Following these arguments, I seek to exam-
ine how trust in issue-specific agencies may promote citizens’ cooperation in the
process of public service delivery as a form of citizen individual co-production,
particularly in the context of emergency service.
Citizens’ cooperation with local emergency service agencies, the primary emer-
gency management actors, may mean several things particularly depending on
the phases of emergency management (Basolo et al., 2009; Sadiq, Tharp and
41
Graham, 2016). 2 For instance, citizens may cooperate with emergency service
providers by following evacuation orders during hurricanes or staying away from
a certain area during flash floods based on the recommendations suggested by
local emergency service agencies. Another form of cooperation is to follow emer-
gency preparedness recommendations before disasters. Local emergency service
agencies such as local emergency offices and other professional first responders
provide guidelines for emergency preparedness to minimize the risks associated
with emergencies and disasters. Scholars in emergency management have shown
that individual cooperation before, during and after emergencies and disasters
can significantly reduce the negative outcomes such as mortality and property
damages resulted from disastrous events (Diekman et al., 2007). In this chapter,
I particularly look at citizens’ preparedness for tornadoes at the household level
as a form of citizens’ individual co-production of emergency service.
To that end, I ask how does public trust in local emergency service agencies,
in conjunction with individual characteristics, explain citizens’ cooperation with
emergency service agencies to co-produce emergency service in the context of dis-
asters, particularly tornadoes? I focus on public trust in local emergency service
agencies including emergency medical services, law enforcement, fire department
and local government in the context of emergency management and examine how
it affects citizens’ preparedness for tornadoes as citizens’ cooperation.
Furthermore, I also ask how important and decisive public trust in local
emergency service agencies is among many other factors to structure citizens’
preparedness for tornadoes by utilizing a relatively uncommon machine learning
technique, random forest regressor. While standardized coefficients of variables in
2There are four phases of emergency management: Emergency mitigation, preparedness,
response, and recovery (Bullock, Haddow and Coppola, 2017)
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a statistical model may indicate which variable has larger effect on the dependent
variable, the result of this statistical model is somewhat limited due to high cor-
relation issues and strong parametric assumptions. For instance, high correlation
issues may inflate the standard errors of variables and it may consequently affect
the statistical significance of variables. However, random forest regressor allows
us to investigate the relative decisiveness of factors without strong parametric as-
sumptions and multicollinearity issues. By utilizing both statistical approaches
and random forest regressor, I expect to provide more accurate information re-
garding the direction and decisiveness of public trust in issue-specific agency in
shaping citizens’ preparedness for tornadoes as a form of individual co-production
of emergency service.
In the following section, I first review previous studies of public trust in gov-
ernment and individual cooperative behaviors. I then explain the 2013 Severe
Weather and Society survey data and utilize statistical analysis to investigate
how public trust in local emergency service agencies, in conjunction with other
factors, affects individual preparedness for tornadoes as a form of individual co-
production in emergency service area. Besides, I utilize a random forest regressor
to calculate the relative decisiveness of public trust in local emergency service
agencies to see how important it is to structure citizens’ preparedness for torna-
does. In this chapter, I find that public trust in emergency service agencies as
a mediator is positively associated with citizens’ co-production behavior in the
context of emergency management. Furthermore, public trust in local emergency
service agencies seems to be one of the most decisive and important factors in




2.2.1 Citizen co-production and Motivations
Citizen co-production is not the first or only scholarship emphasizing the role
of citizens and community members in public administration. Scholars have
highlighted the role of citizens in the decision-making process, particularly con-
cerning public budgeting (Irvin and Stansbury, 2004; Franklin, Ho and Ebdon,
2009; Arnstein, 1969; Filner, 2006; Thomas, 1995; Adams, 2004; Anessi-Pessina
et al., 2016). Scholars have seriously taken the inputs that citizens can provide
in the administrative decision-making process. However, the novelty in citizen
co-production literature is that they consider citizens as co-producer of public
service rather than a simple consumer particularly in the process of public ser-
vice delivery (Brudney and England, 1983; Whitaker, 1980; Ostrom, 1996; Parks
et al., 1981; Wybron and Paget, 2016).
Scholars have categorized citizen co-production into three levels: individual,
group and collective co-production (Brudney and England, 1983; Nabatchi, San-
cino and Sicilia, 2017). According to this categorization, while citizens individu-
ally participate in co-production for private benefits in individual co-production,
collective co-production requires collective actions of citizens and the benefits
resulted from co-production can be enjoyed by the entire community. It should
be noted that citizens may participate in individual benefits, however, their par-
ticipation leads to better public service outcomes and it eventually contributes
to solve the social problems in community (Fung, 2015). Additionally, group co-
production refers to where citizens participate in co-production collectively for
benefits only shared by the participants in the co-production process. Some schol-
ars have considered group co-production as a part of collective co-production due
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to the difficulties to distinguish the boundaries of co-production benefits (Bovaird
et al., 2016).
Under the resurgence of scholarly interests in citizen co-production, numerous
studies in citizen co-production have investigated how citizens co-produce public
service by cooperating with professional public service providers in many public
service areas such as health, education, childcare, recycling, environmental and
postal service (Jo and Nabatchi, 2019; Parks et al., 1981; Parrado et al., 2013;
Alonso et al., 2019; Alford, 2009; Pestoff, 2006; Realpe and Wallace, 2010). Fur-
thermore, scholars have investigated the effect of citizen co-production. It has
been observed that citizen co-production may improve public service outcomes
by boosting the efficiency and effectiveness of the public service delivery process
to name a few (Osborne and Strokosch, 2013; Osborne, Radnor and Strokosch,
2016; Loeffler and Bovaird, 2016).
Furthermore, scholars have sought to investigate various factors driving cit-
izens’ behaviors and willingness and have found various factors explaining the
variations in citizens’ behaviors and willingness to co-produce public service (Par-
rado et al., 2013; Bovaird et al., 2016, 2015; Voorberg et al., 2018; Van de Graaff,
2016). Most studies have drawn theories and empirical findings from other lit-
erature in political science, psychology, sociology, and economics (Uzochukwu
and Thomas, 2018; Bovaird et al., 2016; Marschall, 2004; Parrado et al., 2013).
For instance, scholars have heavily focused on some factors previously investi-
gated in political participation literature. These studies have found that basic
demographic characteristics, individual attitudes toward government and pub-
lic service and intrinsic and extrinsic motivations affect citizen co-production
behaviors and willingness (Wise, Paton and Gegenhuber, 2012; Sundeen, 1988;
Talsma and Molenbroek, 2012; Bovaird and Loeffler, 2008; Parrado et al., 2013;
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Bovaird et al., 2016, 2015; Pestoff, 2012; Alford, 2009; Marschall, 2004). However,
Marschall (2004) argues that political participation and other general factors can-
not entirely explain citizen co-production of specific local public service and goods
(Marschall, 2004). Factors specific to certain public service and goods should be
more seriously considered. To understand citizen co-production of emergency
service, it is imperative to consider more issue-specific factors. Scholars have
argued that issue-specific factors are correlates of individual attitudes, opinions
and behaviors related to certain issues (Robinson, Stoutenborough and Vedlitz,
2017; Choi and Wehde, 2019).
2.2.2 Trust in government and Citizen cooperation in the
context of Emergencies
Scholars in public administration argue that public trust in government plays an
important role in increasing the compliance and cooperation of individuals with
government policies and recommendations (Makkai and Braithwaite, 1994; Levi,
1998; Kim, 2005). Some argue that citizens may be compliant simply because
they are afraid of getting punished if they do not follow laws and regulations
(Whitaker, 1980). However, others claim that public trust in government in-
creases the likelihood that citizens will voluntarily accept most decisions made
by the government (Kim, 2005). In other words, citizens are more cooperative
with government decisions that are not mandated by laws without any coercion if
they have greater trust in government (Levi and Stoker, 2000; Scholz and Lubell,
1998; Scholz and Pinney, 1995; Chanley, Rudolph and Rahn, 2000; Thomas, 1998;
Ruscio, 1997).
Understanding the effects of public trust is an important for scholars of emer-
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gencies and disasters. While scholars have heavily focused on how disastrous
events may affect political trust and satisfaction of individuals (Brändström,
Kuipers and Daléus, 2008; Albrecht, 2017; Han et al., 2017), they have also
investigated the role of public trust in managing emergencies and crises. For
instance, a study of the refugee crises in Turkey found that refugees’ govern-
ment trust and legitimacy lead to greater cooperation and compliance of refugees
with government policies of hosting country (Demiroz and Unlu, 2018). Fur-
thermore, scholars have examined how public trust in federal, state, or local
government is associated with individual cooperation with the government, par-
ticularly emergency preparedness recommendations for various emergencies such
as earthquakes, hurricanes, terrorist attacks, and other health-related situations
(Murphy et al., 2009; Murphy, Greer and Wu, 2018; Basolo et al., 2009; Arlikatti,
Lindell and Prater, 2007; Perry and Lindell, 1991; Terpstra, 2011). Most scholars
have provided evidence that there is a positive association between public trust
in government and citizens’ cooperation with the government. These scholars
have found that citizens are more likely to adopt emergency preparedness mea-
sures when they perceive higher trust in government (Paton, 2008; Longstaff and
Yang, 2008; Murphy et al., 2009; Murphy, Greer and Wu, 2018; Ablah, Konda
and Kelley, 2009)
However, there are also mixed findings regarding the effect of trust in gov-
ernment in the context of emergencies. For instance, Terpstra (2011) finds that
citizens who have a higher level of trust in government are less likely to have
a higher level of flood preparedness intentions (Terpstra, 2011). One potential
explanation of this association is that citizens may not see the necessity of adopt-
ing preparedness measures if they believe that the government will take care
of the potential emergencies for them (Murphy, Greer and Wu, 2018; Scolobig,
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De Marchi and Borga, 2012). In other words, citizens may pass on the full re-
sponsibility of preparing and responding to emergencies to the government when
they perceive higher trust in government.
However, most evidence suggests that higher trust in government is positively
associated with individual emergency preparedness across many other hazards;
therefore, this relationship may also be present when examining preparedness for
tornadoes. As stated, local government and other emergency service agencies
have promoted emergency preparedness at the household level to minimize po-
tential risks associated with disasters. If individuals trust the government more,
they will consider the risk estimates and risk mitigation policies of emergency
service agencies more credible (Johnston et al., 1999). Therefore, it is reasonable
to expect that citizens may be more prepared for emergencies if they trust the
government and their recommendations and policies more. Furthermore, other
previous studies have shown no dampening effect of public trust in government
on citizens’ preparedness behaviors (Basolo et al., 2009; DeYoung and Peters,
2016).
Scholars in co-production literature have also recognized the importance of
public trust in government in citizen co-production behaviors and willingness
(Fledderus, Brandsen and Honingh, 2014; Fledderus, 2015; Van de Graaff, 2016;
Parrado et al., 2013). However, these studies have mainly focused on how co-
production can lead citizens to perceive greater trust in government (Fledderus,
Brandsen and Honingh, 2014; Fledderus, 2015; Kang and Van Ryzin, 2019). Fur-
thermore, there have been some mixed findings on the effect of public trust
(Van de Graaff, 2016; Parrado et al., 2013).
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2.2.3 Citizen cooperation and Trust in an issue-specific
agency
In public administration and political science more broadly, scholars have high-
lighted public trust in general political institutions such as the President, Congress,
federal, state, or local government to understand individual behaviors and atti-
tudes towards government orders and recommendations (Cooper, Knotts and
Brennan, 2008; Hetherington and Rudolph, 2008; Rahn and Rudolph, 2005).
However, a body of scholarship in public administration has recently highlighted
the need to investigate public trust in issue-specific government agencies for sev-
eral reasons (Robinson, Stoutenborough and Vedlitz, 2017; Robinson et al., 2012).
First, previous studies have found that context-specific variables matter in the
formation of public trust in government. According to existing studies, citizens
evaluate the level of trust in government based on their specific policy expecta-
tions and/or preferences (Bouckaert and Van de Walle, 2003; Christensen and
Lægreid, 2005; Job, 2005; Ryzin, 2004; Yang and Holzer, 2006). Furthermore,
previous polls and studies have shown that citizens are capable of evaluating dif-
ferent government agencies differently (?Robinson, Stoutenborough and Vedlitz,
2017; Kettl, 2019). Additionally, it follows intuitively to look at trust in a specific
agency to understand individual cooperative behaviors or perceptions towards
specific policies. This is because, for example, individual trust in the Depart-
ment of Health and Human service most likely matters more than their trust
in general political institutions when it comes to decisions regarding vaccina-
tion. For instance, Tyler Tyler (2005) finds that individuals are more likely to
be cooperative with the police, operationalized as reporting dangerous or suspi-
cious activities in their community when they perceive greater trust in the police
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department.
Following these arguments, instead of highlighting public trust in general
political institutions, I seek to investigate public trust in issue-specific agencies
and their effects on citizen cooperation in the context of emergency service. I
particularly consider emergency medical agency, law enforcement, fire department
and local government in the context of emergency management as issue-specific
agencies.
2.2.4 Trust in local emergency service agencies as a me-
diator
Though I argue that public trust in emergency service agencies is an important
factor in shaping citizen preparedness for tornadoes, individual behaviors are
complex with many potential explanatory factors. Previous studies have found
that several major predisposition characteristics primarily affect individual be-
haviors for emergency preparedness.
The first set of variables is individual demographic characteristics. Research
in emergency management has documented the important contingent effect of a
large variety of demographic variables that are related to individual emergency
preparedness. Previous studies have shown that age (Heller et al., 2005; Ablah,
Konda and Kelley, 2009; Lindell and Perry, 2000), gender (Murphy et al., 2009;
Blessman et al., 2007; Eisenman et al., 2006; Robinson, Pudlo and Wehde, 2019),
education (Russell, Goltz and Bourque, 1995; Fothergill and Peek, 2004), income
(Edwards, 1993; Ablah, Konda and Kelley, 2009), location (Wehde, Pudlo and
Robinson, 2019), and race/ethnicity (Torabi and Seo, 2004; Brodie et al., 2006;
Eisenman et al., 2006; Redlener et al., 2008; Peacock, Morrow and Gladwin, 1997;
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Eisenman et al., 2006) capture important individual differences that structure
individual emergency preparedness and response. Additionally, individuals who
have children at their residence tend to be more prepared for disasters (Edwards,
1993; Russell, Goltz and Bourque, 1995; Baker and Cormier, 2013).
The second set of variables is issue-specific characteristics. These variables
generally include individuals’ perceived risk, previous experience and knowledge
regarding specific disasters of individuals to name a few (Robinson, Stoutenbor-
ough and Vedlitz, 2017). Individual perceived risks of specific disasters are a
significant predictor affecting individual emergency preparedness and other risk-
mitigating behaviors (Miceli, Sotgiu and Settanni, 2008; Paton, 2008; Murphy
et al., 2009; Palm et al., 1990; Miceli, Sotgiu and Settanni, 2008; Lai, Chib and
Ling, 2018; Funk, Salathé and Jansen, 2010). These studies have shown that
when people perceive higher risks associated with potentially disastrous events,
they tend to prepare for these events more. However, other studies in this area
have found that risk perception is not significantly associated with individual risk-
mitigating behaviors (Russell, Goltz and Bourque, 1995; Jackson, 1981; Mileti and
Darlington, 1997). Some scholars argue that the mixed results are derived from
different measurement strategies across these various studies (Miceli, Sotgiu and
Settanni, 2008). Previous studies have also found that people tend to take action
for risk mitigation and emergency preparedness more when they are knowledge-
able about risks they face (Jaeger et al., 1993; Leiserowitz, 2006; Bord, Fisher and
O’Connor, 1998). For instance, O’Connor and his colleagues (O’Connor, Bord
and Fisher, 1999), find that people take greater efforts to reduce the burning
of fossil fuels when they are more knowledgeable about global warming issues.
Furthermore, it has been observed that those who have previously experienced
disasters tend to prepare for emergencies more (Mulilis, Duval and Rogers, 2003;
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Norris, Smith and Kaniasty, 1999).
Additionally, political and social dispositions are often investigated to ex-
plain individuals’ cooperative behaviors with government authorities to prepare
for, respond to and recover from emergencies. Political and social dispositions
are generally measured as a social capital, political ideology, party identification
or attitudes toward government. These serve as underlying predispositions and
filters through which individuals process their decisions related to policy (Taber
and Lodge, 2006; Rudolph and Evans, 2005). Despite numerous studies look-
ing at various political disposition variables such as political ideology and party
identification as predictors of individual mitigation attitude or support for risk
mitigation policies (Reckhow, Grossmann and Evans, 2015; Mumpower et al.,
2013; Mumpower, Liu and Vedlitz, 2016; Stoutenborough, Sturgess and Vedlitz,
2013), there have been insufficient studies looking at these variables of political
dispositions to understand the actual behavior of emergency preparedness of in-
dividuals, except a few (Ablah, Konda and Kelley, 2009; Perry and Lindell, 1991;
Murphy, Greer and Wu, 2018; Basolo et al., 2009; Arlikatti, Lindell and Prater,
2007; van der Weerd et al., 2011).
Instead of treating trust in local emergency service agencies as another ex-
planatory variable in addition to these sets of variables, this article argues that
trust in local emergency service agencies plays a role as a mediator between three
sets of individual predisposition variables and individual emergency prepared-
ness. This is because trust in the issue-specific agency is also a function of these
same categories of explanatory factors (Robinson, Stoutenborough and Vedlitz,
2017; Liu, Robinson and Vedlitz, 2017; Choi and Wehde, 2019). In a recent study,
Robinson and colleagues (2017) review a broad range of existing studies and con-
clude that individual trust in an issue-specific agency is primarily constructed by
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these sets of explanatory factors including demographic characteristics, political
dispositions and issue-specific variables. Therefore, I reasonably expect that trust
in local emergency service agencies is structured by demographic characteristics,
political and social predispositions and issue-specific characteristics while trust
in emergency management authorities itself is also a determinant or explanatory
factor of individual emergency preparedness. Following these arguments previ-
ously described, I arrive at two research expectations as follows:
Expectation 1: Trust in local emergency service agency is structured by demo-
graphic characteristics, political and social predispositions, and issue-specific fac-
tors.
Expectation 2: Trust in local emergency service agency will be positively associ-
ated with citizens’ preparedness for tornadoes.
Given the importance of public trust in shaping their cooperative behaviors,
I expect that among many other factors, trust in local emergency service agen-
cies is one of the most decisive and important factors in shaping levels of citizen
preparedness for tornadoes. I seek to test this expectation by utilizing a random
forest regressor which calculates the relative decisiveness and importance of fac-
tors without strong parametric assumptions and multicollinearity issues.
Expectation 3: Trust in local emergency service agency is one of the most deci-
sive and important factors in shaping citizens’ preparedness for tornadoes among
many factors.
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2.3 Data and Measurements
To test these expectations, I draw on data from the 2013 Severe Weather and
Society survey. This survey measures the perceptions, opinions and preferences
of Americans regarding concerning severe weather and public policy. A total of
3,976 people in the United States participated in this online survey between May
8th and June 27th. The participants were recruited from SurveySpot Internet
panel. In this chapter, I rely on 3,598 observations for analyses. The average com-
pletion time was approximately 29 minutes. Respondents have recruited from
tornado-prone states including Alabama, Arkansas, Georgia, Illinois, Indiana,
Kansas, Kentucky, Louisiana, Michigan, Mississippi, Missouri, North Carolina,
Ohio, Oklahoma, South Carolina, Tennessee, and Texas. These states are com-
monly known as “Tornado Alley” because they consistently experience a high
frequency of tornadoes each year. The study included an oversample of individ-
uals from rural areas to avoid the urban clustering commonly associated with
internet-based surveys. The survey includes a set of questions regarding natural
disaster issues, perceived risk, trust in various levels of government and agencies,
respondents’ knowledge about tornadoes and basic demographic characteristics
The dependent variable in this study is citizen cooperation with local emer-
gency service agencies. To measure this, I operationalize this concept as citizens’
tornado preparedness. The respondents were asked to select items they currently
have available at their residence in case of emergencies. These items recom-
mended by local emergency service agencies include 1) a disaster response plan
for them and their family, 2) an emergency preparedness kit containing first-aid
supplies, flashlights, batteries, etc, 3) supplies of water and food, 4) generators to
provide electricity, 5) designated place to provide the most shelter from tornadoes
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within their house, and 6) specially constructed room or other facilities on your
property designed to provide shelter from tornadoes. Using this survey question,
I create a measure of citizen preparedness for tornadoes (0 = “not prepared at
all” to 6 = “fully prepared”).
As a dependent and a mediating variable, I include trust in local emergency
service agencies (Trust in Local ESA). I focus on citizens’ confidence in the emer-
gency medical agency, law enforcement, fire department and local government in
the context of emergency management to measure their trust. First, the respon-
dents were asked to the rate the following statement to report their trust: On
a scale from zero to ten, where zero means not at all confident and ten means
completely confident, how confident are your that emergency medical providers
(EMT), fire department, state and local police, sheriff, or other law enforcement
agencies will meet your immediate emergency needs if you experience a natural
disaster? Furthermore, each respondent was also asked to rate the statement of
“how much of the time do you trust your county and local governments to do
what is right for you and your fellow residents in your local area?”. This scale
ranges from zero which represents none of the time to ten which represents all of
the time. While this question is asked in a more general sense, given the nature
and context of the survey, I confidently argue that this measure captures public
confidence in local government during disasters. Based on these questionnaires,
I create a trust in emergency service agencies by calculating the average scores
of each question (0= “not at all confident” to 10= “ completely confident”) 3
As explanatory variables, I first include several important demographic vari-
ables which have been discussed previously in citizen co-production and emer-
3
I tested internal consistency of four survey questions regarding trust in emergency medical providers, fire department,
law enforcement and local government in the context of emergency management before creating this index variable and the
Cronbach’s alpha was 0.79, which is acceptable (DeVellis, 2016)
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gency management literature. I include male (0 = “female”, 1 = “male”), age
(respondent’s actual age), education (1 = ”elementary or some high school”, 7
= ” doctorate of any type”), White (1= “White”, 0= “others”), and income
(1= ”less than $50,000”, 4= ”$150,000 or more”). Furthermore, I also include
children (number of children residing with the respondent 0 = “none” to 4=
“four or more”), home ownership (0= “do not pay rent or pay rent”, 1= ”own
primary residence”) and rural, the household location (0= “urban or suburban”,
1= “rural”).
I also include several political and social disposition variables. First, I include
trust in federal government as a political disposition variable. The respondents
were asked to rate how much of the time they trust the federal government to do
what is right for the American people (0 = “none of the time” to 10 = “all of the
time”). Additionally, respondents were asked to report their political ideology (1
= “strongly liberal” to 7 = “ strongly conservative”). Last, they were also asked
to self-identify their party affiliation (Republican, Independent, or Democrats).
Based on this article created dummy variables for Republican. As social disposi-
tion variables, I include efficacy and social capital variables. To measure efficacy,
I used the survey question which initially intended to measure fatalistic character-
istics of individuals (0 = ”lower efficacy”, 10 = “ higher efficacy”). Respondents
were also asked to rate 6 statements to measure the social capital of them. Social
capital has been highlighted in citizen co-production literature (Ostrom, 1996)
while public trust literature often ignores it. Based on these ratings, this article
created a variable of social capital (1 = “lower social capital” 7 = “higher social
capital”).
Last, I include some items to measure issue-specific variables related to tor-
nadoes such as perceived risk, knowledge about disasters and previous tornado
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experience to measure tornado and emergency service specific variables. First,
I include risk perception of tornadoes. The respondents were asked to rate how
much risk they think tornadoes impose to them and their family (From 0 = “no
risk” to 10 = “extreme risk”). Knowledge on tornadoes is also included. The
respondents were asked to answer six questions regarding common myths about
tornadoes. These statements were either true or false; each question was re-coded
where 1 = correct and 0 = incorrect. Based on these recorded questions, I create
a scale of individual knowledge (0 = “not knowledgeable at all” to 6 = “fully
knowledgeable”). In order to measure disaster experience, I include two ordinal
variables: damage experience and tornado experience. To measure damage ex-
perience, the respondents were asked to answer how many tornadoes they have
personally seen while they were active (1= “none” to 4 = “more than five”).
Additionally, the respondent was asked if they or their members of family, neigh-
bors, friends or associates ever experienced property damage, personal injury, or
loss of life from a tornado ( 0 = “No” to 4= ”Yes for them personally, for family,
for neighbors, for close friends or associates”). By including these two ordinal
variables to measure individual experience with tornadoes, I expect to have a
more accurate understanding of the role of disaster experience.
Using these measures and variables, I specify a series of Ordinary Least
Squares (OLS) regression models as well as a random forest regressor. For OLS
regression models, I standardized all continuous variables by dividing by two
standard deviation. The standardization of variables by two standard devia-
tion allows us to have more comparability of continuous and binary variables on
roughly the same scale (Gelman, 2008). Furthermore, I expect to see the relative
importance of variables by investigating the standardized coefficients of variables
and compare them to the results of random forest regressor as a way of validat-
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ing the results. In the following section, I first assess the effect of predisposition
variables on public trust in local emergency service agencies. I then examine if
public trust in local emergency service agencies influences citizens’ preparedness
for tornadoes as a form of citizen co-production in the process of emergency ser-
vice delivery. Finally, by utilizing a random forest regressor model, I investigate
the relative decisiveness and importance of public trust in local emergency service
agencies. Summary statistics are in Table 2.1 below.
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Table 2.1: Summary Statistics
Statistic N Mean St. Dev. Min Max
Dependent variables
Tornado preparedness 3,598 1.720 1.454 0 6
Trust in LocalESA 3,598 7.085 1.753 0 10
Trust in EMT 3,598 7.940 2.067 0 10
Trust in Fire Dept. 3,598 8.006 2.083 0 10
Trust in Cops 3,598 7.503 2.309 0 10
Trust in Local Govt. 3,598 4.890 2.457 0 10
Demographics
Rural 3,598 0.281 0.450 0 1
Home ownership 3,598 0.534 0.499 0 1
Age 3,598 45.267 16.393 18 99
Education 3,598 3.309 1.253 1 7
Male 3,598 0.471 0.499 0 1
Children 3,598 0.512 0.911 0 4
White 3,598 0.786 0.410 0 1
Income 3,598 1.521 0.740 1 4
Disaster specific variables
Risk perception 3,598 5.342 2.258 0 10
Tornado experience 3,598 1.742 0.851 1 4
Damage.experience 3,598 0.621 0.978 0 4
Knowledge on tornado 3,598 3.631 1.244 0 6
Political and social dispositions
Efficacy 3,598 5.591 3.019 0 10
Social capital 3,598 3.742 0.882 1 7
Trust in fed 3,598 3.436 2.566 0 10
Republican 3,598 0.279 0.449 0 1
Political ideology 3,598 4.180 1.582 1 7
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2.4 Results
2.4.1 Determinants of Trust in local emergency service
agency
In this section, I first examine the determinants of public trust in local emer-
gency service agencies. I explore how public trust in local emergency service
agencies are structured by characteristics including demographics, social and po-
litical dispositions, and issue-specific variables. The measures public trust in
local emergency service agencies in this study is ten-point scales; therefore, I
use ordinary least squares (OLS) regression models to assess the determinants
of trust in local emergency service agency. These models are presented in Table
2.2. This model presented heteroskedasticity, therefore, I report robust standard
errors. Additionally, I checked for multicollinearity using the VIF statistic; all
were below 10. The coefficients of variables in this model are standardized by
dividing by two standard deviation.
The results indicate that many predisposition variables are correlated with
public trust in local emergency service agencies. First, demographics seem to
help explain public trust in local emergency service agencies in the context of
emergency management. For instance, the results show that income and race are
positively associated with public trust in local emergency service agencies. White
Americans who make higher income are more likely to trust local emergency
service agencies. Furthermore, the results also indicate that older people are
more likely to trust the local emergency service agency. However, the results
also show that several demographic characteristics such as household location
and education, are negatively associated with public trust in local emergency
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service agencies. People living in rural areas and are less likely to trust local
emergency service agencies than those living in urban or suburban areas. The
effects of home ownership, gender and children residing with respondents are not
statistically significant.
The results show that a majority of political and social disposition variables
are significantly and positively associated with public trust in local emergency
service agencies. Republicans are more likely to trust local emergency service
agencies. Furthermore, higher social capital, efficacy and greater trust in the
federal government are also significantly and positively associated with individual
trust in local emergency service agencies.
Finally, a couple of disaster-specific factors seem to be significantly associated
with public trust in local emergency service agencies. The results find that risk
perception of tornadoes is strongly and positively associated with trust in local
emergency service agencies. While tornado experience and knowledge on tornado
are not significantly associated with trust in local emergency service agencies,
people trust local government more when they previously experienced damages
from tornadoes.
2.4.2 Trust in local emergency service agencies and Citi-
zen cooperation
In this chapter, I measured citizens’ preparedness for tornadoes, a form of citizen
co-production in emergency service by counting the number of items citizens pre-
pared for tornadoes. The measurement of this variable is 7-point discrete scales;
therefore, I use ordinary least squares (OLS) regression models to assess the deter-
minants of citizens’ preparedness for tornadoes. This model is presented in Table
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Table 2.2: Standardized coefficients for determinants of trust in local emergency
service agencies
Dependent variable:
Trust in Local Emergency Service Agencies
Demographics
Rural −0.432∗∗∗ (0.062)








Tornado experience −0.036 (0.059)
Damage experience 0.113∗ (0.059)
Knowledge on tornado −0.032 (0.055)
Risk perception 0.188∗∗∗ (0.058)
Political and social dispositions
Efficacy 0.200∗∗∗ (0.056)
Social capital 0.495∗∗∗ (0.057)
Trust in fed 0.978∗∗∗ (0.060)
Republican 0.154∗∗ (0.071)





Residual Std. Error 1.636 (df = 3580)
F Statistic 32.371∗∗∗ (df = 17; 3580)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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2.3. This model presented heteroskedasticity, therefore, I report robust standard
errors. Additionally, I checked for multicollinearity using the VIF statistic; all
were below 10. The coefficients of variables in this model are standardized by
dividing by two standard deviation.
First, Table 2.3 shows that several demographic characteristics are signifi-
cantly associated with citizens’ preparedness for tornadoes as a form of individual
co-production in emergency management. The results indicate that those who
own their house and live in rural areas are more likely to prepare for tornadoes.
Furthermore, people who earn a higher income and have children are more likely
to prepare for tornadoes. Education is positively associated with citizens’ pre-
paredness for tornadoes. Citizens who are highly educated and have children
under 18 residing in their household are more likely to prepare for tornadoes.
Several political and social disposition variables also seem to be associated
with citizens’ preparedness for tornadoes. For instance, when people have higher
efficacy, they are more likely to prepare for tornadoes. Furthermore, the social
capital variable is also positively associated with individual preparedness for tor-
nadoes. This is interesting that social capital, trust in society and their communi-
ties, matters even when it comes to individual co-production, in which individual
participates for their interests and benefits. However, trust in federal government
and party identification seem to be negatively associated with preparedness for
tornadoes. The results show that people who trust the federal government more
and people identifying themselves as Republicans are less likely to prepare for
tornadoes.
Table 2.3 also shows that a couple of disaster specific factors are significantly
associated with individual preparedness for tornadoes as a form of individual co-
production. While, surprisingly, risk perception and knowledge on tornadoes do
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not seem to affect citizens’ preparedness for tornadoes, people who previously
experienced tornadoes and damages from tornadoes are more likely to prepare
for tornadoes. In this chapter, I primarily claim that public trust in local emer-
gency service agencies structures citizens’ preparedness for tornadoes as a form
of individual co-production in the context of emergency management. Table
2.3 indicates that this expectation is supported. The result shows that public
trust in local emergency service agencies is positively associated with citizens’
preparedness for tornadoes even after controlling for other factors.
As previously stated, I standardized the coefficients of variables by dividing by
two standard deviations. By standardizing them, I can see which variable is more
important than others. According to the size of coefficients of all the variables in
the model, trust in local emergency service agencies has the second largest effect
on citizens’ preparedness for tornadoes followed by damage experience. Thus, I
may conclude that trust in local emergency service agencies plays an important
role to shape citizens preparedness for tornadoes. When people trust local emer-
gency service agencies including emergency medical personnel, fire department,
law enforcement and local government in the context of emergency management
more, they are more likely to co-produce emergency service before tornadoes by
cooperating with emergency preparedness recommendations.
2.4.3 Relative decisiveness of Trust in local emergency
service agency
In this chapter, I claimed that public trust in local emergency service agencies,
in conjunction with individual characteristics, influences citizens’ preparedness
for tornadoes as a form of individual co-production. By utilizing ordinary least
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Table 2.3: Standardized coefficients for determinants of tornado preparedness
Dependent variable:
Tornado preparedness
Trust in Local emergency service agencies 0.376∗∗∗ (0.048)
Demographics
Rural 0.141∗∗∗ (0.051)








Tornado experience 0.324∗∗∗ (0.048)
Damage experience 0.446∗∗∗ (0.048)
Knowledge tornado 0.006 (0.045)
Risk Perception 0.048 (0.047)
Political and social dispositions
Efficacy 0.301∗∗∗ (0.045)
Social capital 0.361∗∗∗ (0.047)
Trust in federal −0.248∗∗∗ (0.051)
Republican −0.115∗∗ (0.058)





Residual Std. Error 1.336 (df = 3579)
F Statistic 37.906∗∗∗ (df = 18; 3579)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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squares regressions models, I found that public trust in local emergency service
agencies is positively associated with individual preparedness for tornadoes in
addition to other individual factors. Based on the size of standardized coeffi-
cients, I also found that trust in local emergency service agencies has the second
largest effect on preparedness for tornado. However, this result is somewhat lim-
ited due to strong parametric assumptions of OLS models and correlation issues
among variables. Therefore, in this section, I additionally conduct a random for-
est regressor and investigate the relative decisiveness of public trust in emergency
service agencies in shaping individual preparedness for tornadoes to see how im-
portant and decisive public trust in local emergency service agencies is among
many other factors.
To answer the question, I calculated modal rankings of variable decisiveness
concerning individual preparedness for tornadoes. Figure 2.1 presents the re-
sults. Box-plots for each explanatory variable are presented to provide more
detailed information about the variance of variable decisiveness. I remind that
a higher modal value implies lower ranking and consequently lower importance
in our formulation. For example, the first place is best while higher rankings
are less decisive. Also, I provide the percentages in relative decisiveness of each
explanatory variable in Figure 2.2. While random forest regressors do not pro-
vide quantitative interpretation with these percentages in relative decisiveness, it
helps us identify the clusters of decisive factors among all explanatory variables.
Considering both Figure 2.1 and Figure 2.2, social capital and public trust in
local emergency service agencies seem to be the most decisive factors to struc-
ture citizens’ preparedness for tornadoes. Figure 2.2 particularly shows that
social capital and public trust in local emergency service agencies are the most
commonly decisive factors by a notable margin (approximately 0. and 0.10 in
66
Figure 2.1: Relative Decisiveness of Independent Variables
relative decisiveness respectively). It should be highlighted that trust in issue
specific agencies seems to be more important than generalized trust, trust in
federal government. In addition, it has been observed that efficacy and tornado
experience are relatively more decisive than other variables. The importance of
tornado experience may show the possibility of learning from the personal history
related to tornadoes.
One of the interesting findings here is that most of the basic demographic char-
acteristics are similarly decisive at a low level except home ownership and income.
While co-production and emergency management literature has highlighted the
basic demographic characteristics such as gender, race, household location, and
education to explain the variations in individual cooperative behaviors, the re-
sults show that they may be associated with differences in preparedness but are
not decisive factors in predicting levels of preparedness in the analysis.
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Figure 2.2: Relative Decisiveness of Independent Variables
2.5 Discussion
In this chapter, I sought to understand the role of public trust in an issue-specific
agency in shaping citizens’ cooperation with public service providers as a form of
individual co-production particularly in the context of emergency service. There-
fore, I investigated how public trust in local emergency service agencies affects
citizens preparedness for tornadoes as a form of individual co-production of emer-
gency service. Scholars have previously shown that citizens’ preparedness for dis-
astrous events significantly contributes to the reduction of negative outcomes of
emergencies and disasters in emergency management.
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The analyses in this chapter first suggest that public trust in local emergency
service agencies is structured by individual predisposition characteristics. This
result supports previous research claiming that public trust in an agency is a func-
tion of demographic characteristics, political dispositions and issue-specific vari-
ables (Robinson, Stoutenborough and Vedlitz, 2017; Liu, Robinson and Vedlitz,
2017). Also, the findings show that citizens perceive trust in local emergency
service agencies plays a significant role in their cooperation with local emergency
service agencies. More specifically, when people believe that local emergency ser-
vice agencies will provide effective assistance to people and their community in
the case of a natural disaster, they tend to prepare for emergencies more. The
standardized coefficients of variables in the OLS regression model show that trust
in local emergency service imposes the second largest effect (0.376) on citizens’
tornado preparedness after damage experience (0.446).
The random forest regressor model supports the evidence I found in OLS
regression model, particularly around the role of trust in local emergency service
agencies. The results of random forest regressor indicates that trust in local
emergency service agencies is the second most decisive factor among others after
social capital. While scholars have previously focused on the effect of trust in
general federal government, this result shows that trust in issue specific agencies
should be more highlighted to understand citizen co-production in the context of
specific public service delivery.
While the random forest regressor and OLS regression models provided similar
results regarding the role of trust in local emergency service agencies, it should
be noted that they also show somewhat different conclusion regarding, partic-
ularly social capital and damage experienced. The standardized coefficients of
OLS regression model indicate that damage experience has the largest effect on
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citizens’ preparedness for tornadoes. While social capital is positively and signif-
icantly associated with preparedness for tornadoes, the OLS regression analysis
show that its effect is relatively smaller than other variables such as trust in local
emergency service agencies and damage experience. The further investigation
should be required to understand the gap of the results between random forest
regressor and traditional statistical approaches.
While this chapter provides some intriguing evidence regarding citizen co-
operation and their trust in an issue-specific agency, these findings should be
understood within the limitations. First, in this article, I created a scale to mea-
sure citizens preparedness for tornadoes. As previously mentioned, those who
prepare more items as recommended by emergency service agencies had higher
scores on this emergency preparedness scale. However, this measurement does
not consider the fact that preparing each item takes different levels of effort,
time, and resources. For example, stockpiling water for three days is much easier
than preparing a shelter for disasters. For future research, measuring citizens’
preparedness for disaster should consider ways of measuring effort. One solution
may be to weigh these different items according to their relative difficulties. An-
other way may be to directly ask people how much effort they have put into being
prepared for emergencies, as opposed to specific actions. Second, emergency ser-
vice is a unique public service area. Therefore, it should be careful to make
arguments about the effect of public trust in citizens’ cooperation in other public
service areas. Furthermore, the results provided in this chapter may be specific
to citizens’ co-production particularly in the process of emergency service. In
order to produce more generalizable knowledge regarding the determinants and
motivations of citizen co-production, it should be required to utilizing the same
set of variables and methods in other public service areas as well.
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Despite the limitation, this chapter provides implications to emergency man-
agement practitioners and scholars in emergency management and co-production
literature. First, this result shows that emergency service agency should im-
prove their reputation among their constituents for better emergency manage-
ment given the relative importance of trust in local emergency service agencies.
Second, this chapter suggests considering more issue-specific factors when seek-
ing to understand citizens’ co-production behaviors and willingness in addition
to more general dispositions.
In this chapter, I mainly focus on citizens’ individual co-production of emer-
gency service before tornadoes. In the next chapter, I seek to understand citizen
cooperation as a form of individual co-production during tornadoes.
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Empirical Chapter 2. Abstract
Scholars have argued that citizens as public service co-producers can contribute
to the provision and delivery of public service by providing their knowledge, re-
sources such as time and efforts, ideas and creativity as well as by cooperating
with professional public service providers. Under the resurgence of scholarly in-
terests in citizen co-production, scholars have recently attempted to identify the
variables most closely associated with citizens’ contributions and their willingness
in various public service areas. Therefore, we now have much more knowledge re-
garding these factors and their association with citizens’ co-production behaviors
and willingness. However, it has not been sufficiently discussed how decisive many
of these factors are in shaping citizen co-production behaviors and willingness. In
this chapter, I seek to examine what factors, among the many examined in public
administration and emergency management, are most central to structure citizen
co-production behaviors and willingness particularly in the context of emergency
service. To that end, I investigate the decisiveness of factors in shaping citizens’
decisions on taking protective action during tornadoes and willingness for future
events as a form of co-production of emergency service by utilizing a relatively
uncommon machine learning technique in public administration and emergency
management literature. Using unique survey data, I find that in the case of cit-
izens’ cooperative behaviors and willingness during tornadoes, the most decisive
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variables are related to risk perception, trust in local emergency service agen-
cies, age and social capital. However, logistic regression analyses conducted to
complement the results of random forest regressor provide somewhat contradict-
ing findings particularly around the effect of social capital. The findings of this
chapter contribute to scholarly endeavors to understand citizens co-production
behaviors and willingness and provide practical implications for emergency man-
agement practitioners.
Keywords Citizen co-production, Emergency management, Machine learning,
random forest regression, Protective action for tornadoes
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Chapter 3




While public administration scholars have mostly focused on citizen participation
in decision making and agenda setting process, a body of scholarship, denoted as
citizen co-production has emphasized the role of citizens in the process of public
service delivery. Citizen co-production has been defined in many different ways
among scholars (Nabatchi, Sancino and Sicilia, 2017). In this chapter, I define
citizen co-production is the process that citizens contribute to the public service
delivery process by cooperating with public service providers. While citizens
may cooperate with public service providers through direct interactions, I argue
that direct interactions are not necessarily required (Loeffler and Bovaird, 2016).
Citizens may cooperate with government policy and recommendations to co-
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produce public service without direct relationships.
Scholars have argued that citizens may individually and collectively par-
ticipate in the process of public service co-production. Individual citizen co-
production may be often driven by self-interests and private benefits (?). How-
ever, citizen co-production driven by self-interests may produce better outcomes
of public service and this eventually leads to solving public problems in the ag-
gregate level (Fung, 2015). Scholars have argued that citizen co-production may
improve efficiency, effectiveness and innovation of public service delivery and
provision to name a few (Osborne and Strokosch, 2013; Ostrom, 1996; Whitaker,
1980; Brudney and England, 1983). 1.
Given the resurgence of scholarly interests in citizen co-production, scholars
have recently investigated how and why citizens individually co-produce pub-
lic service by cooperating with public service providers in many areas such as
health, education, childcare, recycling, environmental and postal services (Jo and
Nabatchi, 2019; Parks et al., 1981; ?; Alonso et al., 2019; ?; Pestoff, 2006). Schol-
ars in citizen co-production have found various determinants and motivations to
shape citizen’s cooperative behaviors and willingness by utilizing case studies and
traditional statistical techniques (Jakobsen and Andersen, 2013; Parrado et al.,
2013; Bovaird et al., 2016, 2015).
Therefore, we now have much knowledge about the determinants and motiva-
tions of citizen’s cooperative behaviors and willingness. However, the dominant
statistical approach and other qualitative approaches have not been able to an-
swer an important question: what factors, among the many tested in the previous
studies, are the most decisive to drive citizens’ cooperative behavior and willing-
1
Again, while using the term citizen here to be consistent with existing literature, I do not mean to only include individuals
who possess the legal citizenship of the United States. I intend to mean more general public and community members who enjoy
public service.
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ness to co-produce public service? I seek to identify the decisiveness of various
factors motivating citizen’s behavior and willingness to co-produce public service
by utilizing a random forest regressor. Besides, given the limited information
radon forest regressor analyses can provide, to see the effect directions of vari-
ables, I also conduct standardized logistic regression analyses to see how the most
decisive factors affect citizens cooperative behaviors and willingness 2.
To that end, among may public service areas, I seek to examine citizens’ co-
operation as a form of individual co-production particularly in the context of
emergency service. While emergency service agencies at the local, state and fed-
eral level are the key actors in the process of emergency service delivery, it has
been observed that the government cannot solely steer the management of emer-
gencies and their associated risks (Mees et al., 2016; Leroy and Arts, 2006). While
various actors such as nonprofit and for-profit organizations play imperative roles,
the role of citizens has been heavily highlighted in the process of emergency ser-
vice provision and delivery. Previous disasters and their consequences have shown
that citizens’ contributions before, during and after emergencies and disasters can
make a significant difference in outcomes of emergency services such as mortality
and property damage (Diekman et al., 2007; Keim, 2008; Paton, 2008).
One way of citizens co-producing emergency service is by cooperating with
the recommendations and orders of local emergency service agencies such as lo-
cal emergency management offices, emergency medical personnel, firefighters and
law enforcement, primary emergency management actors in the context of emer-
gency service. As stated in a previous chapter, citizens can follow emergency
preparedness recommendations suggested by local emergency service agencies
2
While random forest regressor allows us to calculate the relative decisiveness of factors in shaping the dependent variables,
it does not provide the direction of effects. By utilizing standardized logistic regression, I expect to understand the directions
of decisive factors. Furthermore, given that standardized logistic regressions provide standardized coefficients, this result may
validate the relative decisiveness of factors analyzed by a random forest regressor
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before emergencies and disasters. Furthermore, citizens can also evacuate their
homes or take other protective actions following the orders and recommendations
of emergency service agencies during emergencies. Citizens may take protective
actions purely due to their interests. However, citizens’ cooperation during emer-
gencies can eventually contribute to the outcomes of emergency service not only
for themselves but also for the community as a whole(Fung, 2015).
In this chapter, I look at citizens’ previous cooperative behaviors (take protec-
tive actions during tornadoes) and willingness to take protective actions during
tornadoes in the future as a form of citizens’ individual co-production. When a
tornado warning is issued, citizens are recommended to find and move to a safe
sheltered place. By doing so, citizens can protect themselves and reduce the bur-
dens of local emergency service agencies, therefore, eventually contribute to the
emergency service outcomes at the aggregate level. However, it is not always the
case that citizens cooperate with these recommendations of emergency service
agencies during tornadoes even for their safety. Therefore, in this chapter, I seek
to investigate the decisiveness of many determinants and motivations and how
these determinants affect citizen cooperation during tornadoes.
In the following sections, I first review previous studies regarding the moti-
vations of citizen cooperative behaviors and willingness from co-production and
emergency management literature to decide the set of variables I include in the
analyses. I then utilize a unique survey, the 2013 Severe Weather and Society
Survey and conduct both random forest regressors and logistic regression anal-
yses. While providing some evidence supporting the results of previous studies,
the results highlight public trust in local government in the context of emergency
management and social capital as motivators of citizen’s co-production behavior
and willingness in the context of emergency service. I find that when citizens
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trust their local government to address emergencies and disasters well, they are
more likely and willing to take protective actions during tornadoes. Furthermore,
social capital seems to be positively associated with citizens’ cooperative behav-
iors and willingness. However, two methods, random forest regressor, and logistic
regression show somewhat nuanced evidence. I conclude this chapter with some
implications for the theoretical development of citizen’s co-production as well as
emergency service practitioners.
3.2 Literature Review
While some scholars argue that citizens individually co-produce public service
due to its compulsory characteristics of types of public service (Alford, 2009,
2002; Osborne, Radnor and Strokosch, 2016), they also voluntarily decide to get
involved in the process of co-production of public service (Nabatchi, Sancino and
Sicilia, 2017; Parks et al., 1981; Pestoff, 2006). Citizens frequently participate
in the co-production of public service individually because of self-interests and
personal benefits (Roberts, 2004; Brudney and England, 1983). However, citizen
co-production driven by self-interests may produce better outcomes of public
service and this eventually leads to solving public problems in the aggregate level
(Fung, 2015).
While some individually co-produce public service for their self-interests or
broader benefits to their community, why do others decide not to participate in
the process of co-producing public service? In the context of emergency service,
more specifically, why do citizens not cooperate with emergency service agencies
during the time of emergencies and disasters? In this section, I first review
motivation studies in citizen co-production literature.
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3.2.1 Determinants of Citizen Co-production
Under the resurgence of scholarly interests in citizen co-production, there have
been numerous studies investigating the determinants and motivators of citizen’s
behaviors and willingness to co-produce public service. While a majority of cit-
izen co-production studies have utilized case studies (for instance, see (Alford,
2009) and (Van Eijk and Steen, 2016)), some studies have utilized quantitative
methods such as traditional statistical techniques and experiments. By drawing
theories and empirical findings from different disciplines such as political science,
psychology, and economics to name a few, these studies have sought to understand
citizen’s co-production motivations and determinants in several public service ar-
eas such as education, health, and environment (Uzochukwu and Thomas, 2018;
Voorberg et al., 2018; Van de Graaff, 2016; Parrado et al., 2013; Bovaird et al.,
2016, 2015).
First of all, scholars have found that several socio-demographic characteris-
tics explain the variations in citizen participation in the co-production of public
service. Scholars have shown that gender, age, education, household location are
likely to influence citizen’s co-production activities and their willingness (Sun-
deen, 1988; Alford and Yates, 2016; Egerton, 2002; Parrado et al., 2013; Bovaird
et al., 2016, 2015; Alonso et al., 2019). For instance, studies have found that
women are more associated with individual co-production in environmental areas
(Parrado et al., 2013; Bovaird et al., 2016, 2015; Alonso et al., 2019). Further-
more, these studies have found that older people are more likely to participate in
individual co-production and other general civic activities (Parrado et al., 2013;
Bovaird et al., 2016, 2015; Alonso et al., 2019). While scholars from other disci-
plines such as psychology have argued that well-educated people are more likely to
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be knowledgeable about environmental issues and take actions to address them,
co-production studies in public administration have empirically found that edu-
cation does not make a big difference to individual behaviors and willingness to
co-produce public service (Alford and Yates, 2016; Parrado et al., 2013). Addi-
tionally, scholars have found that people who live in an urban location are more
negatively associated with co-production willingness particularly on environment
issues (Parrado et al., 2013).
Income, race, home-ownership and whether they live with minor children
have been investigated to understand citizens’ behavior and willingness to co-
produce public service. Scholars have argued and tested that higher income
will be more associated with citizen’s participation in co-production. While the
effect of race can vary depending on contexts (Uzochukwu and Thomas, 2018),
most prior research has shown that racial minority population is less associated
with co-production behaviors and willingness (Jakobsen and Andersen, 2013).
Uzochukwu and Thomas (2018) argue that residents who have minor children
will not be more involved in the co-production of public service following the
arguments of citizen-initiated contacting theory. However, numerous studies have
shown that households with minor children and other caretakers are more likely
to be cooperative with government particularly in the context of disasters and
emergency management (Murphy et al., 2009; Ablah, Konda and Kelley, 2009).
This shows that these variables may vary depending on the context of a specific
policy area.
Scholars have also looked at some psychological factors such as self-efficacy
to understand citizen’s co-production behaviors and willingness (Bandura, 2013;
Wise, Paton and Gegenhuber, 2012; Parrado et al., 2013; Bovaird et al., 2016,
2015; Uzochukwu and Thomas, 2018; Alonso et al., 2019). These studies have
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shown that when citizens believe that they can make a change, they are more
likely to be associated with the co-production of public service. Furthermore,
Uzochukwu and Thomas (2018) argue that when people perceive the need for new
or improved public service increase, they are more likely to co-produce public ser-
vice. Individual attitudes toward government and perceived service importance
have been also investigated (Bovaird et al., 2016, 2015). While there have been
mixed results, these studies have shown that a positive attitude towards govern-
ment performance and their interaction with citizens may be positively associated
with citizen’s participation in individual co-production of public service.
3.2.2 Citizen Co-production in Emergency Management
As stated, these studies mainly borrow theoretical and empirical findings and
arguments from other disciplines. For instance, scholars have heavily focused on
some factors previously investigated in political participation literature. How-
ever, Marschall (2004) argues that political participation and other general fac-
tors cannot entirely explain citizens’ co-production of specific local public ser-
vices and goods (Marschall, 2004). Factors specific to certain public service and
goods should be more seriously considered. Therefore, to understand citizens’ co-
production of emergency service, it is imperative to consider more issue-specific
factors. Scholars have argued that issue-specific factors are correlates of individ-
ual attitudes, opinions and behaviors related to certain issues (Robinson, Stouten-
borough and Vedlitz, 2017; Choi and Wehde, 2019).
Given that, I also review emergency management literature particularly fo-
cusing on the motivations and determinants of individual decisions on taking
protective actions during disasters such as evacuating their homes during hur-
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ricanes, moving to sheltered places during tornadoes and other risk-mitigating
behaviors. By reviewing this body of literature in addition to co-production
studies, I expect to include a more comprehensive set of variables to understand
citizen co-production particularly in the context of emergency service.
First of all, emergency management scholars have found that hazard expe-
rience is positively associated with citizens’ protective actions during disasters
(Mileti and Sorensen, 1990; Silver and Andrey, 2014; Bubeck, Botzen and Aerts,
2012; Siegrist and Gutscher, 2006). For instance, scholars have found that previ-
ous experience of hurricanes significantly leads citizens to cooperate with evacua-
tion orders (Brommer and Senkbeil, 2010; Demuth et al., 2016). Furthermore, it
has been observed that personal experience with previous disasters leads people
to respond to current and future tornado warnings (Hodler, 1982; Simmons and
Stutter, 2007). However, some scholars also find that the effect of experience is
not statistically significant in shaping citizens’ protective action during tornadoes
(Nagele and Trainor, 2012).
Additionally, tornado warning receptions and citizen’s knowledge regarding
tornado warning play important roles in structuring citizens’ protective action
during disasters (Krocak et al., 2020; Drabek, 2012; Lindell and Perry, 2012;
Mileti and Sorensen, 1990). If people do not receive tornado warnings or do not
understand warnings or other relevant information, it is obvious that they are less
likely to take protective actions (Balluz et al., 2000; Blanchard-Boehm and Cook,
2004). Similar to the findings in citizen co-production literature, self-efficacy is
also positively associated with citizen cooperation during disasters (Bubeck et al.,
2013; Grothmann and Reusswig, 2006). Sims and Baumann argue that people
with higher personal efficacy are more likely to respond to a warning by taking
protective actions (Sims and Baumann, 1972). However, scholars have also argued
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that efficacy beliefs are mediated by information-seeking behavior, therefore, they
only indirectly affect citizens’ protective actions (Mileti and Fitzpatrick, 1992;
Kievik and Gutteling, 2011). Risk perception has been also heavily highlighted
to explain citizen’s protective actions and their willingness for future disasters
(Kox and Thieken, 2017; Baker, 1991; Dash and Gladwin, 2007).
Similar to citizen co-production literature, emergency management scholars
have also investigated the effect of basic demographic characteristics such as gen-
der, home-ownership, race, age, education and income (Dixon et al., 2017; Balluz
et al., 2000; Blanchard-Boehm and Cook, 2004; Biernacki et al., 2008; Groth-
mann and Reusswig, 2006; Silver and Andrey, 2014). For instance, it has been
observed that females are more likely to respond to warning messages, there-
fore, they either evacuate the house or shelter in safe locations (Fothergill, 1996;
Comstock and Mallonee, 2005). Furthermore, highly educated people are more
likely to respond to a warning message during disasters than less-educated citi-
zens (Balluz et al., 2000; Liu et al., 1996). However, there have been also mixed
findings. Some scholars have found null or very weak effects of these demographic
characteristics in predicting citizens’ protective actions and their willingness to
respond to disastrous events (Baker, 1991; Mart́ın, Cutter and Li, 2020; Nagele
and Trainor, 2012). Finally, trust in government and social capital have seemed
to structure citizens’ protective actions and willingness (Fothergill, 1996; Sadri,
Ukkusuri and Gladwin, 2017; Johnson and Slovic, 1995).
3.3 Data and Measurement
To investigate the relative decisiveness of various factors shaping individual pro-
tective action during tornadoes and their willingness for future events, I draw on
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data from the 2013 Severe Weather and Society survey. This survey measures the
perceptions, opinions and preferences of Americans regarding concerning severe
weather and public policy. A total of 3,976 people in the United States partici-
pated in this online survey between May 8th and June 27th. These respondents
were recruited from tornado-prone states including Alabama, Arkansas, Georgia,
Illinois, Indiana, Kansas, Kentucky, Louisiana, Michigan, Mississippi, Missouri,
North Carolina, Ohio, Oklahoma, South Carolina, Tennessee, and Texas. These
states are commonly known as “Tornado Alley” because they consistently experi-
ence a high frequency of tornadoes each year. The study included an oversample
of individuals from rural areas to avoid the urban clustering commonly associated
with internet-based surveys.
However, I rely on subsets of observations for analyses. As previously stated,
citizens need to learn that a tornado warning is issued before deciding whether
or not to take protective action. Therefore, to investigate citizen’s protective
action during the previous tornado, I only focus on 1189 people who answered
that they heard tornado warnings (see Table 3.1) 3. This survey measures the
perceptions, opinions and preferences of Americans regarding natural disaster is-
sues, particularly tornadoes, perceived risks, trust in various levels of government
and agencies, knowledge about tornadoes, political dispositions and other basic
demographic characteristics.
The first dependent variable in this study is protective action. This variable
indicates whether citizens previously took protective actions during tornadoes.
To measure this variable, each respondent was asked if they took some kind
of protective action in response to the tornado warning when they learned the
tornado warning was issued. If a respondent who answered that he or she did not
3For citizens co-production willingness, I include a larger set of data (see Table 3.2
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Table 3.1: Summary statistics for protective action as a dependent variable
Statistic N Mean St. Dev. Min Max
Dependent variable
Protective action 1,189 0.614 0.487 0 1
Demographics
Rural 1,189 0.820 1.338 0 3
Home ownership 1,189 1.597 1.497 0 3
Age 1,189 44.249 15.946 18 86
Education 1,189 3.274 1.228 1 7
Male 1,189 0.481 0.500 0 1
Children 1,189 0.556 0.914 0 4
White 1,189 0.791 0.406 0 1
Income 1,189 1.550 0.762 1 4
Disaster specific variables
Knowledge on tornado 1,189 0.820 0.384 0 1
knowledge on tornado1 1,189 3.669 1.229 0 6
Risk perception 1,189 5.800 2.118 0 10
Salience 1,189 3.807 1.997 0 8
Tornado experience 1,189 1.865 0.900 1 4
Damage experience 1,189 0.761 1.049 0 4
Trust in local emergency service agencies (ESA) 1,189 7.231 1.680 0 10
Trust in EMT 1,189 8.080 1.940 0 10
Trust in Fire Dept. 1,189 8.171 1.966 0 10
Trust in Cops 1,189 7.627 2.229 0 10
Trust in local govt. 1,189 5.045 2.499 0 10
Political and social dispositions
Efficacy 1,189 5.604 3.052 0 10
social.capital 1,189 3.779 0.911 1 7
Trust in federal 1,189 3.513 2.619 0 10
Republican 1,189 0.285 0.452 0 1
Political ideology 1,189 4.177 1.585 1 7
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Table 3.2: Summary statistics for willingness to take protective action as a de-
pendent variable
Statistic N Mean St. Dev. Min Max
Dependent variable
Willing for protective action 1,838 0.900 0.300 0 1
Demographics
Rural 1,838 0.276 0.447 0 1
Home ownership 1,838 0.532 0.499 0 1
Age 1,838 45.139 16.239 18 99
Education 1,838 3.312 1.257 1 7
Male 1,838 0.479 0.500 0 1
Children 1,838 0.501 0.882 0 4
White 1,838 0.787 0.409 0 1
Income 1,838 1.538 0.757 1 4
Disaster specific variables
Knowledge on warning 1,838 0.819 0.385 0 1
knowledge on tornado 1,838 3.610 1.258 0 6
Tornado experience 1,838 1.760 0.860 1 4
Damage experience 1,838 0.609 0.957 0 4
Risk perception 1,838 5.389 2.229 0 10
Salience 1,838 3.467 2.009 0 8
Trust in local emergency service agencies(ESA) 1,838 7.121 1.730 0 10
Trust in EMT 1,838 7.979 2.041 0 10
Trust in Fire Dept. 1,838 8.036 2.061 0 10
Trust in Cops 1,838 7.515 2.263 0 10
Trust in local govt. 1,838 4.955 2.449 0 10
Political and social dispositions
Efficacy 1,838 5.546 3.007 0 10
Social capital 1,838 3.755 0.890 1 7
Trust in federal 1,838 3.525 2.609 0 10
Republican 1,838 0.286 0.452 0 1
Political ideology 1,838 4.158 1.586 1 7
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take any action, the respondent was coded as 0 (”no action taken”). In contrast,
the respondent who answered that he or she took some kind of action in response
to the tornado warning was coded as 1 (”some actions taken”). The second
dependent variable is willingness for protective action during future tornadoes.
To measure this variable, each respondent was asked if they would take some
actions in response to future tornado warnings. If a respondent who answered
that he or she would not take any protective action, the respondent was coded
as 0 (”not willing to take”). In contrast, the respondent who answered that he
or she would take some kind of action in response to the future tornado warning
was coded as 1 (“willing to take”).
This study includes several important demographic variables following the
previous literature both in emergency management and public administration.
This article includes mender (0=“ female”, 1=”male”), age (respondent’s actual
age), education (variable ranging from 1 to 7 where 1 represents “elementary or
some high school” and 7 indicates “doctorate”), white (race, dummy variable
for White), and income (variable ranging from 1 to 4 where 1 represents “less
than $ 50,000” and 4 indicates “$ 150,000 or more”). This article also includes
home-ownership of individuals (0=”do not live in their own property”, 1= “live
in their own property instead of renting house”) and children, the number of
children individuals live with in their household (0= “None” to 4 = “four or
more”). Additionally, I include rural, individual household location (0=“urban
or suburban”, 1=“rural”).
This study includes variables to measure disaster-specific factors regarding
tornadoes such as salience of tornadoes in their community and previous tor-
nado experience. To measure salience, each respondent was asked to answer how
much their residence experience killer tornadoes that cause human deaths (1 =
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”low number of killer tornadoes” 8 = ”highest number of killer tornadoes”). To
measure disaster experience, I included two ordinal variables: damage experience
and tornado experience. To measure tornado experience, the respondents were
asked to answer how many tornadoes they have personally seen while they were
active (1= “none” to 4 = “more than five”). Additionally,to measure damage
experience the respondent was asked if they or their members of family, neigh-
bors, friends or associates ever experienced property damage, personal injury, or
loss of life from a tornado ( 0 = “no” to 4= ”yes for them personally, for fam-
ily, for neighbors, for close friends or associates”). To measure risk perception,
each respondent was asked to rate how much risk they think tornadoes impose
to them and their family (from 0 = “no risk” to 10 = “extreme risk”). I also
include individual knowledge regarding tornadoes (knowledge on tornado). The
respondents were asked to answer six questions regarding common myths about
tornadoes. These statements were either true or false; each question was re-
coded where 1 = correct and 0 = incorrect. Based on these re-coded questions,
we create a scale of individual knowledge (0 = “not knowledgeable at all” to 6
= “fully knowledgeable”). Furthermore, I also include a knowledge on tornado
warning variable. The survey provided statements about tornado watch and
tornado warning and asked respondents whether the statement explains either
tornado watch or tornado warning. If the respondent answered correctly, they
are coded as 1= ”knowledgeable about tornado warning” otherwise 0 = ”not
knowledgeable about a tornado warning”. Finally, as a disaster specific variable,
I create a trust in local emergency service variable. I include this variable to mea-
sure individual trust in local actors providing emergency services such as local
emergency management office, emergency medical personnel, firefighters and law
enforcement. Each respondent was asked to answer how confident they are that
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local government in the context of emergency management, emergency medical
providers, fire departments and law enforcement agencies will meet their immedi-
ate emergency needs if they experience a natural disaster. I calculate the average
score based on respondents’ confidence for four local actors providing emergency
service (0 = “not at all confident”, 10 = “completely confident”).
As a last set of variables, I include several political and social disposition vari-
ables. This set first includes trust in federal government variable. To measure
this variable, each respondent was asked to answer how much they trust federal
government to do what is right for the American people (0 =“ not at all confi-
dent”, 10=“extremely confident”). Additionally, respondents were also asked to
rate 6 statements to measure social capital of them. Based on these ratings, this
article created a variable of social capital (1 = “lower social capital” 7 = “higher
social capital”). To measure self-efficacy, the survey asked respondents to rate
the statement which examines the fatalistic characteristics of individuals ( 0 =
“lowest self-efficacy” 10 = “highest self-efficacy”). I included political ideology
and party identification variables. For political ideology, respondents were asked
to report their political ideology (1 = “strongly liberal” to 7 = “ strongly conser-
vative”). Based on self-identified party identification of respondents, I created a
dummy variable for Republican (1= “Republican” 0= “Democrats, Independents
and others”). Summary statistics are in Table 3.1 and Table 3.2 above.
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3.4 Results
3.4.1 Random Forest Regression Results for Individual
Co-production during Tornadoes
First, to investigate the relative decisiveness of variables to shape individual
co-production during tornadoes, I conducted random forest regressors. In this
analysis, I utilized the subset of data set including people who have previously
heard tornado warnings in their residence. In this section, I first calculated modal
rankings of variable decisiveness for individual previous co-production during tor-
nadoes and their willingness for future co-production (see Figure 3.1 and Figure
3.3 respectively). More specifically, I look at the factors structuring individual
previous cooperative action during a tornado (moved to the sheltered area during
tornadoes) and their willingness to take protective actions during tornadoes in
the future (willing to move to the sheltered area). Furthermore, I also provide
the percentages in relative decisiveness of each explanatory variable in Figure
3.2 and Figure 3.3. While random forest regressors do not provide quantitative
interpretation with these percentages in relative decisiveness, it helps us identify
the clusters of decisive factors among all explanatory variables.
First, considering both Figure 3.1 and Figure 3.2, risk perception is the most
decisive factor in structure individual co-production during tornadoes. Figure 3.2
particularly shows that risk perception is the most decisive factor by a notable
margin (approximately 0.2 in relative decisiveness). Following the risk perception
variable, the result shows that social capital and trust in local emergency service
agencies are also one of the most decisive factors leading to citizens’ decision on
taking protective action during tornadoes by a notable margin (approximately
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Figure 3.1: Modal rankings for relative decisiveness for previous protective action
during tornadoes
0.135 and 0.11 in relative decisiveness respectively).
Similar to the previous chapter, the result shows that a majority of demo-
graphic variables are relatively decisive at the lower level except age. Trust in
federal government as well as self-efficacy are also among the decisive factors
in shaping individual co-production during tornadoes. Interestingly, it is trust
in local emergency service agencies that is more decisive rather than trust in
the federal government. This may suggest more attention to what it is about
trust in local actors that makes it more salient to co-production decisions than
more-distant (but, often in other situations, more salient and familiar) political
characteristics like party identification.
The third set of variables, issue salience, tornado knowledge, ideology, edu-
cation, damage experience and tornado experience seem to be similarly decisive
at a lower level. At the lowest end, the results suggest that a majority of basic
demographic factors such as the number of children, income, gender, race, party,
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Figure 3.2: Relative decisiveness of previous protective action during tornadoes
household location, and home-ownership as well as knowledge regarding tornado
warning may be associated with differences in preparedness but is not a decisive
factor in predicting individual co-production during tornadoes in this analysis.
While previous studies have argued that knowledge regarding tornado warning
may be important for citizens to decide whether they take protective actions
or not during emergencies and disaster, the analysis of random forest regressor
shows that knowledge regarding tornado warning is the least decisive factor in
shaping citizens’ decisions on taking protective actions during tornadoes.
It should be noted that these results do not show the directions of the effect
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of these variables. For instance, while we can say that public trust in local emer-
gency service agencies plays an important role in individual co-production during
tornadoes, we cannot conclude that trust in local emergency service agencies ei-
ther positively or negatively affect individual co-production during tornadoes.
3.4.2 Random Forest Regression Results for Willingness
for Co-production during Tornadoes
Figure 3.3: Modal rankings of relative decisiveness for willingness for taking
protective actions during tornadoes
Secondly, I also utilized random forest regressor to explore the relative de-
cisiveness of factors in shaping citizens’ willingness to take protective actions
during tornadoes. The results of this analysis seem to be somewhat similar to
the results of individual co-production during tornadoes. when I consider both
Figure 3.3 and Figure 3.4, trust in local emergency service agency is the most
decisive factor to structure individual co-production during tornadoes. Figure
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Figure 3.4: Relative decisiveness of willingness for taking protective actions dur-
ing tornadoes
3.4 particularly shows that trust in local emergency service is the most decisive
factor by a notable margin (approximately 0.175 in relative decisiveness). Similar
to previous analyses, the result shows that trust in issue-specific agencies is much
more decisive to shape citizens’ willingness to co-produce than trust in general
federal government.
Age and risk perception are also one of the most decisive factors leading to
individual co-production during tornadoes. The relative decisiveness of age and
risk perception are slightly more than 0.1. Age and risk perception were also
more decisive than others in structuring citizens’ previous protective actions dur-
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ing tornadoes. The next set of variables are social capital, efficacy, salience, trust
in federal, education and knowledge on tornado. Similar to the previous findings,
a majority of basic demographic characteristics are less decisive than other vari-
ables, particularly disaster specific factors in shaping citizens willingness to take
protective actions during tornadoes. Surprisingly, both tornado and damage ex-
perience do not seem to play much significant roles in shaping citizens willingness
to take protective actions.
While I describe that x variable is more decisive than z variable, it should
be noted that the analysis of random forest regressor do not let us know how
much x is more decisive in comparison to z. Furthermore, given that I utilized
multiple forests and calculates modal rankings and mean relative decisiveness of
variables, while I may be able to say that one group of variables (such as age and
risk perception) is definitely more decisive than the other group of variables (such
as white, children and male), I cannot make a quantitative comparison between
variables in a group: for instance, I cannot conclude that age is more decisive than
risk perception. It should be noted that the analysis of random forest regressor
should be understand in a more qualitative way rather than quantitatively.
3.4.3 Logistic regression results for citizens; protective ac-
tions during tornadoes
As previously stated, one of the limitations of the random forest regressor is that
the results do not provide the directions of the relationship between the depen-
dent variable and explanatory variables and the size of effects as well. Therefore,
in this section, I take traditional statistical approaches to understand the direc-
tions of decisive factors in shaping citizens’ protective actions during tornadoes.
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The measurement of citizens’ protective action during tornadoes is binary (if they
took protective action or not during a tornado). Thus, I use standardized logistic
regression to assess the determinants of individual co-production during torna-
does. A standardized logistic regression standardizes coefficients by dividing by
two standard deviations and this provides more interpretable results (Gelman,
2008). Furthermore, by standardizing coefficients, it allows us to explore the
relative size of coefficients of variables, which may validate or rebut the results
produced by random forest regressor modelings.
Table 3.3 shows that individual co-production during tornadoes is associated
with several predispositions. First, the result shows that age is negatively and sig-
nificantly associated with citizens’ previous protective actions during tornadoes.
However, it has been also observed that Whites are more likely to take protective
actions during tornadoes. While only two demographic characteristics show sta-
tistically significant associations, many of issue-specific factors and political and
social dispositions seem to be associated with individual co-production during
tornadoes. The results show that when people perceive higher risk associated
with tornadoes, they are more likely to take protective actions during tornadoes.
The standardized of coefficient for risk perception is 0.736 and it seems to have
the largest effects on citizens’ previous protective actions. This result supports
the evidence of the random forest regression model conducted previously. The
random forest regressor in the previous section showed that risk perception is the
most decisive factor to shape citizens’ previous protective actions during torna-
does.
While knowledge on tornado warning does not seem to be significant, knowl-
edge on tornado is positively associated with citizens’ previous protective actions
during tornadoes. This indicates that when people are more knowledgeable about
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Knowledge on warning 0.101 (0.165)
Knowledge on tornado 0.262∗∗ (0.129)




Trust in local emergency service agencies 0.342∗∗ (0.134)
Political and social dispositions
Efficacy 0.319∗∗ (0.129)
Social capital 0.524∗∗∗ (0.135)
Trust in federal 0.277∗ (0.150)
Republican 0.007 (0.165)




Akaike Inf. Crit. 1,509.834
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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the characteristics of tornadoes and things to do during tornadoes, they are more
likely to take protective actions during tornadoes. Previously, the random for-
est regressor analysis showed that damage experience is relatively decisive at the
lower level while tornado experience is relatively more decisive than others. How-
ever, the standardized logistic regression model indicates that damage experience
is positively associated with citizens’ previous protective actions during tornadoes
while tornado experience does not explain the variations in the dependent vari-
able.
Trust in local emergency service agencies is also positively correlated to citi-
zens’ protective actions as well as trust in federal government. It has been con-
sistently observed that trust in local emergency service agencies affects citizens’
co-production behaviors more than trust in federal government. The standardized
coefficient of trust in local emergency service agencies is 0.342 and it seems to be
the 4th most important variable in shaping citizens previous protective actions
during tornadoes. Finally, the results indicate that social capital and efficacy
seem to positively affect citizens’ protective actions during tornadoes. However,
other political dispositions such as party identification and political ideology do
not seem to be statistically significant.
The standardized logistic regression analysis mostly support the evidence of
the random forest regressor conducted in the previous section. Both models
indicate that risk perception, social capital and trust in local emergency service
agencies have larger effects on citizens’ protective actions during tornadoes. How-
ever, they have also showed somewhat nuanced findings. For instance, while race
variable (White) seems to be the third most important variable in the standard-
ized logistic regression model, the random forest regressor analysis shows that
race variable is only decisive at the lowest level. Furthermore, the results around
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tornado experience and damage experience in both models are also different.
3.4.4 Logistic regression results for willingness to take
protective action during tornadoes
I use a binary measure of individual willingness for co-production during tor-
nadoes (if they would take protective action during a tornado in the future).
Therefore, I use standardized logistic regression to investigate the directions of
factors. The random forest regressor model in the previous section shows that
trust in local emergency service agencies is the most decisive and important factor
to structure citizens’ willingness to take protective actions during future torna-
does. In addition, age and risk perception seem to be also one of the most decisive
factors. However most of demographic variables such as household location and
income are relatively decisive only at the lowest level.
In consistent with the previous analysis, the standardized logistic regression
model shows that age is significantly associated with citizens’ willingness to take
protective actions during tornadoes. Table 3.4 indicates that older people are
more willing to take protective actions if there is a tornado warning issued in the
future. Other than age variable, it has been observed that household location is
negatively associated with citizens’ willingness. This shows that people living in
rural area are less willing to take protective actions during tornadoes.
None of political and social disposition variables seems to be statistically
significant except efficacy. The result shows that when people perceive higher
self-efficacy, they are more willing to take protective actions during tornadoes.
While the random forest regressor analysis indicates that social capital and trust
in federal government are relative important than many other variables, Table
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3.4 indicates that they are not statistically significant in structuring citizens’
willingness for protective actions during tornadoes.
Finally, Table 3.4 indicates that several disaster specific factors are associated
with individual willingness for co-production during tornadoes. When people
are knowledgeable regarding tornadoes and perceive higher risks associated with
tornadoes, they are more willing to take protective actions during tornadoes.
However, surprisingly, when people believe that they face more killer tornadoes
in their communities, they are much less willing to take protective actions during
tornadoes. The coefficient of trust in local emergency service agencies is 0.412
and this shows that trust in local emergency service agencies affects citizens’ will-
ingness to take protective actions during tornadoes more than any other variables
except salience variable.
3.5 Discussion
First, this chapter seeks to examine the relative decisiveness of factors in shaping
individual co-production and their willingness for co-production during tornadoes
by utilizing a relatively uncommon machine learning technique- random forest re-
gressor. In particular, I focused on whether citizens took protective actions by
moving to a sheltered area during tornadoes and if they are willing to do the
same action in future tornado situations as a form of individual co-production
of emergency service. I found the similar patterns of relative decisiveness of ex-
planatory factors in shaping individual co-production and their willingness dur-
ing tornadoes. Random forest regressor analyses show that public trust in local
emergency service agencies, age, social capital and risk perception are the most
decisive factors in shaping individual co-production during tornadoes. The re-
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Table 3.4: Standardized logistic regression for willingness for protective actions
during tornadoes
Dependent variable:
Willingness for protective action
Demographics
Rural −0.320∗ (0.177)








Knowledge on warning −0.235 (0.154)
Knowledge on tornado 0.264∗ (0.159)
Risk perception 0.364∗ (0.207)
Salience −0.496∗∗ (0.209)
Tornado experience 0.149 (0.177)
Damage experience 0.185 (0.184)
Trust in local emergency service agencies 0.412∗∗∗ (0.157)
Political and social dispositions
Efficacy 0.335∗∗ (0.162)
Social capital −0.033 (0.164)
Trust in federal 0.093 (0.183)
Republican 0.041 (0.214)
Democrats 0.123 (0.200)




Akaike Inf. Crit. 1,210.964
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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sult also shows that public trust in local emergency service agencies, age, social
capital and risk perception are the most important factors structuring individual
willingness for co-production during tornadoes. While emergency management
scholars have heavily focused on demographic factors such as gender and race,
the analyses here indicate that most of the demographic characteristics and some
of the political disposition such as party identification and political ideology may
be associated with differences in individual cooperation with emergency service
agencies and their willingness for future cooperation but are not decisive factors
in predicting individual cooperative behaviors during tornadoes.
In addition to random forest regression analyses, I took traditional statistical
approaches and conducted logistic regression analyses to examines the effect of
these decisive factors in shaping individual co-production and their willingness
for future cooperation during tornadoes. This is because, while random forest
regressor provides interesting information regarding the role of factors, it does not
provide the directions of factors in shaping the dependent variables. According to
the logistic regression analyses in this chapter, when people trust local emergency
service agencies more, they are more likely and willing to take protective actions
during tornadoes. Furthermore, when people perceive higher risks associated
with tornadoes, they are more likely and willing to take protective actions during
tornadoes. Finally, older people and people perceive higher social capital are
more likely to take protective actions during tornadoes. However, the result
shows that people are less willing to take protective actions during tornadoes
when they perceive higher social capital.
One interesting finding here is that random forest regressor and logistic re-
gression analyses have shown a contrasting result. For instance, random forest
regressor analyses show that social capital is one of the most decisive factors
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in shaping individual willingness for co-production during tornadoes. However,
the results of logistic analyses show that the size of social capital coefficient is
very small and it is not significantly associated with individual willingness for
co-production during tornadoes. This contrasting result suggests further investi-
gation in the logistic regression analysis using different methods such as Bayesian
logistic regression to understand the uncertainty of this model.
The results here have important implications for understanding what factors
are the most decisive in shaping individual co-production during tornadoes. First,
Previous studies in public administration, particularly co-production literature
have heavily focused on more general political dispositions such as trust in the
federal government. However, the analyses here show that trust in issue-specific
agencies is a more important factor in shaping individual co-production and will-
ingness for co-production during tornadoes. Furthermore, the results of random
forest regressor highlight the importance of social capital. While scholars have
emphasized the role of social capital in citizen’s collective co-production (Ostrom,
1972; Ostrom and Ahn, 2009; Bovaird, 2007), there has not been much literature
focusing on the role of social capital in shaping individual co-production behav-
iors and willingness (Voorberg, Bekkers and Tummers, 2015). The results of this
chapter suggest to consider social capital more seriously to understand individ-
ual co-production behaviors and willingness. Finally, this chapter also shows that
issue-specific factors may be more important than general demographic charac-
teristics. While scholars have looked at some issue-specific factors such as service
importance or issue salience, they have focused on more general factors. This
analysis indicates that individual co-production of specific public service may be
more associated with specific characteristics of those service and service areas.
This provides implications for scholars regarding their model buildings.
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In the next chapter, I intend to examine the motivations and determinants
of collective co-production. To that end, I look at various factors in shaping




While scholars have criticized co-production literature mainly due to its limited
ability to produce systematic and generalizable research, one of the meaningful
and consistent findings in co-production literature is that the level of individ-
ual co-production is substantially higher than collective co-production. Schol-
ars have found that citizens are more likely and more willing to participate in
co-production activity when the action required in the co-production process is
relatively easy and carried out individually, rather than collectively. However, it
has been argued that much of the potential benefits from co-production are more
likely to occur from collective activities than individual co-production of public
service. Therefore, in this chapter, I seek to reveal how scholars and practition-
ers can promote citizens’ willingness to co-produce public service. To that end,
I investigate the relative decisiveness of various factors, previously examined, in
shaping citizens’ willingness to collectively co-produce emergency service partic-
ularly in the context of tornadoes. In this chapter, I argue that social capital
is the key to structure citizens’ willingness to collectively co-produce emergency
service. Utilizing a unique public survey, I conduct a random forest regressor,
a machine learning technique to calculate the relative decisiveness of factors in
shaping citizens’ willingness for collective co-production. Furthermore, I conduct
an standardized ordered probit regression to examine the directions of the effects
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of the most decisive factors. The results of analyses indicate that social capital
is the most decisive factor to shape citizens’ willingness to co-produce emergency
service in the context of tornadoes via both government and nongovernment-led
organizations
Keywords Citizen co-production, Collective co-production, Emergency manage-
ment, Machine learning, random forest regression, CERT
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Chapter 4




Co-production scholars have argued that citizens as public service co-producers
may contribute to the process of public service provision and delivery (Brud-
ney, 1983; Ostrom, 1972). In this process, citizens can co-produce public ser-
vice via contributing their knowledge, resources such as time, money and effort,
compliance and cooperation, ideas and creativity (Loeffler and Bovaird, 2016).
Professional public service providers are often government agencies particularly
at the local level, however, other actors such as non-profit, non-government and
for-profit organizations may play a role as professional public service providers
(Nabatchi, Sancino and Sicilia, 2017).
Scholars have often categorized citizen co-production into three levels: indi-
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vidual, group and collective co-production (Brudney and England, 1983; Nabatchi,
Sancino and Sicilia, 2017). According to this categorization, while citizens indi-
vidually participate in co-production for private benefits in individual co-production,
collective co-production requires collective actions of citizens and the benefits re-
sulted from co-production can be enjoyed by the entire community. It should
be noted that citizens may participate in individual benefits, however, their par-
ticipation leads to better public service outcomes and it eventually contributes
to solving the social problems in community (Fung, 2015). Additionally, group
co-production refers to where citizens participate in co-production collectively for
benefits only shared by the participants in the co-production process. Some schol-
ars have considered group co-production as a part of collective co-production due
to the difficulties to distinguish the boundaries of co-production benefits (Bovaird
et al., 2016).
While scholars have criticized co-production literature mainly due to its lim-
ited ability to produce systematic and generalizable research (Jo and Nabatchi,
2016; Brandsen and Honingh, 2016), one of the meaningful and consistent findings
in co-production literature is that level of individual co-production is substan-
tially higher than collective co-production (Bovaird et al., 2016; Löffler et al.,
2008; Parrado et al., 2013). Scholars have found that citizens are more likely and
more willing to participate in co-production activity when the action required in
the co-production process is relatively easy and carried out individually, rather
than collectively (Löffler et al., 2008; Parrado et al., 2013; Bovaird et al., 2016;
Alford and Yates, 2016).
However, it has been also argued that much of the potential benefits from
co-production are more likely to occur from collective activities than individual
co-production of public service (Pestoff, 2012; Bovaird et al., 2016). Therefore,
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it is imperative to understand the determinants and motivations of collective co-
production and seek to promote it in public service delivery. However, a majority
of citizen co-production studies, particularly using quantitative methods have
heavily focused on individual co-production and its determinants and motivators
Parrado et al. (2013); Uzochukwu and Thomas (2018); Voorberg et al. (2018).
Therefore, in this chapter, I seek to investigate the determinants and motivations
of citizens’ willingness to participate in collective co-production of emergency
service, among many public services, particularly in the context of tornadoes.
Citizens may contribute to emergency service provision and delivery for several
ways, First, at the individual level, citizens may provide information about emer-
gencies and damages near their residence and other related situations regarding
emergency service to their local emergency managers (Stallings and Quarantelli,
1985; Dı́az, Carroll and Aedo, 2016). Furthermore, citizens may also contribute to
emergency service provision by taking certain actions based on recommendations
and orders of emergency service agencies during disasters. At the collective level,
citizens may contribute to emergency service provision by joining government
and non-government-led groups such as Community Emergency Response Team
(CERT). CERT operated by FEMA and local governments train citizens as first
responders to respond to emergencies before the professional service providers
(e.g. emergency medical personnel, police officers and firefighters in addition
to emergency managers) arrive at the venue of emergencies. After the comple-
tion of this program, citizens are expected to help themselves, their family and
their neighbors during and after disasters. Furthermore, CERT provides citi-
zens opportunities for working with emergency managers and first responders in
the events of emergencies and disasters. Through this program, depending on
the jurisdictions, citizens are trained to assist professional first responders in the
109
course of emergency response by doing various activities such as collecting data,
transporting necessary items, safely evacuating people in the events of disasters
and emergencies. Furthermore, citizens can co-produce emergency service by
working with non-governmental groups as public service providers. Citizens can
volunteer for these groups and work with them to respond to and recover from
emergencies and disasters (Mees et al., 2016; Stallings and Quarantelli, 1985).
In this chapter, I seek to understand why and why not citizens are willing to
participate in these government and nongovernment-led groups collectively for
better emergency service outcomes.
To the best of my knowledge, there have been very few studies empirically
investigating determinants and motivations of citizen collective co-production
behaviors and willingness by utilizing quantitative methods in public adminis-
tration (Bovaird et al., 2016, 2015). Furthermore, scholars in emergency man-
agement have also mainly focused on either individual or household behaviors
in the course of emergency management (Murphy, Greer and Wu, 2018; Ablah,
Konda and Kelley, 2009; Choi and Wehde, N.d.). Additionally, while looking at
citizen collective co-production, scholars have simply extrapolated the determi-
nants and motivations of individual co-production such as basic demographics
and attitudes and see how those factors affect citizen’s collective co-production
behaviors and willingness (Bovaird et al., 2016, 2015). In these studies, scholars
have mainly focused on basic socio-demographic factors and citizens’ attitudes
toward government and public service in their community.
Given the lack of empirical and theoretical research on determinants and
motivations of collective co-production, following these previous studies, I also
intend to include and examine the factors previously investigated to understand
individual co-production behaviors and willingness to co-produce public service.
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However, in addition to them, I argue that social capital should be highlighted
to explain the variations in citizen collective co-production behaviors and will-
ingness.
Social capital refers to the “network, norms, and social trust that facilitate co-
ordination and cooperation for mutual benefits” (Putnam, 2001). In the canonical
work in co-production literature, Ostrom (1996) argues that social capital plays
a critical role in collective actions. She argues that social capital enhances the
trust in society and trust may in turn achieve collective actions and its bene-
fits (Ostrom and Ahn, 2009; Bovaird et al., 2016). According to this argument,
social capital may be a key factor to lead citizens to participate in collective co-
production. While scholars have recognized the importance of social capital to
fully understand citizen co-production, there has been insufficient studies taking
social capital into their quantitative models (Voorberg, Bekkers and Tummers,
2015). Therefore, I include social capital as a key factor in addition to other
variables and see the importance of it in structuring citizens’ willingness to co-
produce emergency service in the context of tornadoes.
To summarize, I investigate how decisive various factors are in shaping cit-
izens’ willingness to participate in CERT and other nongovernment-led groups
to co-produce emergency service by utilizing a random forest regressor. Random
forest regressor is an ensemble machine learning technique that allows us to cal-
culate the relative decisiveness of variables without requiring strong parametric
assumptions and issues related to high correlation among explanatory variables.
By utilizing a random forest regressor, I expect to examine the relative importance
and decisiveness of social capital among many variables previously discussed in
co-production literature in shaping citizens’ willingness to co-produce emergency
service. Additionally, I also conduct ordered probit regressions to see the direc-
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tion of variable effects given the limited information random forest regressor can
provide.
In the following section, I first review previous studies regarding determinants
and motivations of citizen co-production. Given the lack of existing studies, I
draw empirical studies mostly from individual co-production literature. Further-
more, I demonstrate why I intend to consider social capital as a key factor in
this chapter. I then explain a data set, a public survey conducted via Ama-
zon’s Mechanical Turk (MTURK). This survey asks questions about citizen’s
willingness to co-produce emergency service in collaboration with government
and non-governmental actors, their attitudes towards government and public ser-
vice, demographic characteristics and some issue-specific factors. In this chapter,
while the level of citizens’ willingness to collectively co-produce emergency with
the government (via CERT) is slightly but significantly higher than their willing-
ness to collectively co-produce with non-government groups, I found that social
capital among many other factors is the most decisive factor to structure citizen’s
willingness to co-produce emergency service in the context of tornadoes in col-
laboration with both government and non-governmental public service providers.




4.2.1 Citizen co-production and its effects in public ser-
vice delivery
In the late 1970s and the early 1980s, Ostrom and other public administration
scholars introduced the concept of co-production to the field of public administra-
tion as an alternative to the predominance of centralized bureaucracies in public
administration (Ostrom, 1972). It did not attract much attention in the 1990s,
however, scholarly interests in co-production have been resurgent under the im-
portance of collaborative efforts among public, private, non-governmental actors
as well as citizens and community members (Alford, 1998; Osborne et al., 2010;
Osborne, Radnor and Strokosch, 2016; Bryson, Crosby and Bloomberg, 2014).
Co-production has become a broad umbrella term for all kinds of citizen’s
involvement in any stages of public service and scholars used it interchange-
ably in literature (Nabatchi, Sancino and Sicilia, 2017; Verschuere, Brandsen and
Pestoff, 2012; Osborne and Strokosch, 2013). For instance, some scholars have
used the term of co-production to describe citizen’s involvement in the policy
design stage when others use co-production for citizen’s involvement in public
service delivery. Recently, scholars have also tried to distinguish co-production
from co-construction, co-policy planning or co-prioritization and co-creation to
reduce the confusion (Voorberg, Bekkers and Tummers, 2015; Verschuere, Brand-
sen and Pestoff, 2012; Brandsen and Pestoff, 2006). Under this circumstance, in
this chapter, I remind that I particularly focus on co-production in the stage
of public service delivery, rather than in policy design and policy evaluation to
reduce possible confusion.
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While scholars have defined co-production in many different ways, citizen co-
production is typically defined as the contribution of resources by citizens as
public service consumers and service providers in the process of public service
delivery (Brudney, 1983). Public service providers are often government, partic-
ularly at the local level, however, other actors such as non-governmental organiza-
tions can be co-producers of public service (Nabatchi, Sancino and Sicilia, 2017).
In the process of public service delivery, citizens can co-produce public service
via contributing their knowledge, resources such as time, money and effort, ideas
and creativity (Loeffler and Bovaird, 2016). Besides, citizens can contribute to
the public service delivery process by cooperating with public service providers
in carrying out public service programs (Whitaker, 1980; Vanleene, Voets and
Verschuere, 2018). Scholars argue that citizen’s voluntary participation and their
cooperative actions contribute to public service provision and delivery (Nabatchi,
Sancino and Sicilia, 2017; Parks et al., 1981; Pestoff, 2006). However, some schol-
ars also argue that citizens’ compliance is also a contribution that citizens can
make in the process of public service delivery (Alford, 2002; Osborne, Radnor
and Strokosch, 2016).
4.2.2 Three levels of citizen co-production
Scholars have sought to create typologies of co-production. Brudney and England
(1983) initially suggested three levels of co-production based on whether citizens
individually or collectively participate in co-production and whether the bene-
fits resulted from co-production are enjoyed individually or collectively. First, in
individual co-production, citizens participate in co-production individually. Cit-
izens often participate in individual co-production compulsorily (Osborne and
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Strokosch, 2013; Alford, 2009), however, they also co-produce public service vol-
untarily because they would be the consumers of this public service as well.
Through individual co-production, citizens who co-produce public service obtain
the benefits from this process. Common examples of individual co-production
include clients working with health service providers (Clark and Fairlie, 2015; Jo
and Nabatchi, 2019; Cepiku and Giordano, 2014). Community members prepar-
ing for emergencies and taking protective actions during tornadoes by following
recommendations suggested by emergency service providers are cases of individ-
ual co-production in the context of emergency management.
In group co-production, a group of citizens participates in co-producing pub-
lic service for their benefits. In group co-production, citizens collectively co-
produce public service with public service providers and the benefits from the
co-production process are shared by those who participate in this process. Citi-
zens collectively participate in the co-production of public service as they do in
group co-production. However, the difference between group co-production and
collective co-production is that the benefits collectively produced via collective
co-production process can be enjoyed by the entire community. The benefits
are not limited to those who participate in the co-production process, but the
entire community can share them (Brudney and England, 1983; Bovaird et al.,
2016). A common example in collective co-production is citizen’s participation
in neighborhood watch programs. Citizens and community members participate
in neighborhood watch programs to combat crime in their community and their
participation benefits not only them but for the entire community by providing a
safer environment of their community (Goldstein, 1977; Innes et al., 2011; Sabet,
2014). While Brudney and England in 1983 initially suggested three levels of
citizen co-production, some scholars consider group co-production as a part of
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collective co-production (Bovaird et al., 2015, 2016). This is mainly because it
is often hard to examine if the benefits from collective co-production are solely
shared by those who participate in this process.
Scholars have found that the level of individual co-production is significantly
higher than the level of collective co-production. It has been observed that cit-
izens are more likely to participate in co-production activity when the action
required in co-production is relatively easy and carried out individually (Löffler
et al., 2008; Parrado et al., 2013; Bovaird et al., 2016). Furthermore, Bovaird
and his colleagues have also found that the motivations and determinants of col-
lective co-production of citizens are somewhat different from those of individual
co-production.
While citizens tend to participate in individual co-production of public ser-
vice more, scholars have found that the potential benefits from co-production
are more likely to come from collective activities than individual-level activities
(Pestoff, 2012; Bovaird et al., 2016, 2015). Under this circumstance, it is impor-
tant to understand the motivations and determinants of collective co-production,
therefore, we can promote collective co-production of public service for better
policy outcomes.
4.2.3 Motivations of citizen co-production
Why do citizens initially decide to get involved in the process of co-production
of public service? Scholars have recently investigated the motivators of citi-
zen’s behaviors and willingness to co-produce public service drawing theories and
arguments from different bodies of literature in political science, public admin-
istration and economics (Uzochukwu and Thomas, 2018; Voorberg et al., 2018;
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Van de Graaff, 2016). Given the lack of literature examining the determinants
and motivations of citizens’ collective co-production behaviors and willingness,
in this section, I review the individual level co-production motivation studies.
First of all, scholars have found that several socio-demographic characteris-
tics explain the variations in citizen participation in the co-production of public
service. Scholars have shown that gender, age, education, household location are
likely to influence citizen’s co-production activities and their willingness (Sun-
deen, 1988; Alford and Yates, 2016; Egerton, 2002; Parrado et al., 2013; Bovaird
et al., 2016, 2015; Alonso et al., 2019). For instance, studies have found that
women are more associated with individual co-production in environmental areas
(Parrado et al., 2013; Bovaird et al., 2016, 2015; Alonso et al., 2019). Further-
more, these studies have found that older people are more likely to participate in
individual co-production and other general civic activities (Parrado et al., 2013;
Bovaird et al., 2016, 2015; Alonso et al., 2019). While scholars from other disci-
plines such as psychology have argued that well-educated people are more likely to
be knowledgeable about environmental issues and take actions to address them,
co-production studies in public administration have found that education does not
make a big difference to individual behaviors and willingness to co-produce public
service (Alford and Yates, 2016; Parrado et al., 2013). Additionally, scholars have
found that people who live in an urban location are more negatively associated
with co-production willingness particularly on environment issues (Parrado et al.,
2013).
Income, race, home-ownership and whether they live with minor children
have been investigated to understand citizens’ behavior and willingness to co-
produce public service. Scholars have argued and tested that higher income
will be more associated with citizen’s participation in co-production. While the
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effect of race can vary depending on contexts (Uzochukwu and Thomas, 2018),
most prior research has shown that racial minority population is less associated
with co-production behaviors and willingness (Jakobsen and Andersen, 2013).
Uzochukwu and Thomas (2018) argue that residents who have minor children
will not be more involved in the co-production of public service following the
arguments of citizen-initiated contacting theory. However, numerous studies have
shown that households with minor children and other caretakers are more likely
to be cooperative with government particularly in the context of disasters and
emergency management (Murphy et al., 2009; Ablah, Konda and Kelley, 2009).
This shows that these variables may vary depending on the context of a specific
policy area.
Scholars have also looked at some psychological factors such as self-efficacy
to understand citizen’s co-production behaviors and willingness (Bandura, 2013;
Wise, Paton and Gegenhuber, 2012; Parrado et al., 2013; Bovaird et al., 2016,
2015; Uzochukwu and Thomas, 2018; Alonso et al., 2019). These studies have
shown that when citizens believe that they can make a change, they are more
likely to be associated with the co-production of public service. Furthermore,
Uzochukwu and Thomas (2018) argue, based on citizen-initiated contacting the-
ory, that when people perceive the need for new or improved public service in-
crease, they are more likely to co-produce public service. Individual attitudes
toward government and perceived service importance have been also investigated
(Bovaird et al., 2016, 2015). While there have been mixed results, these studies
have shown that a positive attitude towards government performance and their
interaction with citizens may be positively associated with citizen’s participation
in individual co-production of public service.
In addition to these factors in co-production literature, I argue that issue-
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specific variables should be more seriously considered when it comes to the moti-
vators and determinants of citizen participation in the co-production of a specific
public service. Scholars have argued that issue-specific factors are correlates of
individual attitudes, opinions and behaviors related to certain issues (Robinson,
Stoutenborough and Vedlitz, 2017; Choi and Wehde, 2019). For instance, it is
reasonable to expect that citizens will be more involved in the co-production of
emergency services when they have previous experience with emergencies. Schol-
ars in emergency management literature have shown that citizens are more likely
to prepare for emergencies when they previously experience disasters such as
earthquakes, hurricanes and tornadoes (Murphy, Greer and Wu, 2018). Fur-
thermore, when citizens perceive certain issues riskier and dangerous, they may
be more likely to contribute to addressing those issues (Murphy, Greer and Wu,
2018; Maestas et al., 2018). Therefore, I argue that several issue-specific variables
regarding a certain public service should be included in co-production studies.
4.2.4 Citizen collective co-production and Social Capital
While previous studies have significantly contributed to our understanding of mo-
tivations and determinants of citizen co-production, these studies are somewhat
limited in the sense that they primarily look at the motivations and determinants
of citizens’ co-production. There have been insufficient studies investigating why
citizens collectively participate in the co-production process of public service and
their willingness for future co-production. While sets of variables previously in-
vestigated to understand individual co-production may play important roles in
explaining the variations in collective co-production among citizens, factors more
specific to collective actions may be included to understand citizen collective
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co-production.
In this chapter, I argue that social capital may be a key factor in structure cit-
izen collective co-production behaviors and willingness. Social capital often refers
to the “networks, norms, and social trust that facilitate coordination and coop-
eration for mutual benefits” (Putnam, 1995). Scholars have argued that social
capital can facilitate individual or collective actions (Coleman, 1988). Ostrom
(1996) argues that social capital is required to fulfill the promises of collective
action. She argues that social capital measured by trustworthiness, network and
institution can enhance the trust in society and this trust can achieve collective
action and its benefits (Ostrom and Ahn, 2009). Scholars in other disciplines
have also found that social capital leads to individuals to participate in collective
actions such as volunteering (Martikke et al., 2019). However, It should be noted
that there is a reciprocal relationship between collective action and social cap-
ital. While social capital may encourage collective actions in society, collective
actions, in turn, helps developing more social capital as well as (Pestoff, 2012;
Fox, 1997; Bovaird et al., 2016). According to these arguments, it is reasonable
or even necessary to consider the role of social capital in structuring collective
co-production of public service among citizens. However, Voorberg and his col-
leagues (2014) have found that only 30 percent of studies focus on social capital
in shaping citizens’ co-production behaviors and willingness. Under this circum-
stance, in this chapter, I seek to understand, in addition to other factors, the
decisiveness of social capital in shaping individual collective co-production.
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4.3 Data and Measurement
4.3.1 Survey design
To investigate the determinants and motivations of citizen collective co-production
of emergency service, I designed and conducted a public survey. Respondents
were invited to participate in this survey between September 3 and December 11,
2019. In this chapter, I look at collective co-production of emergency service in
the context of tornadoes, therefore, I restricted the sample based on geographic
location and only those who live in a tornado-prone region, commonly known
as Tornado Alleys were allowed to participate. A total of 500 participants liv-
ing in tornado-prone areas from Alabama, Arkansas, Georgia, Illinois, Indiana,
Kansas, Kentucky, Louisiana, Michigan, Mississippi, Missouri, North Carolina,
Ohio, Oklahoma, South Carolina, Tennessee, and Texas were recruited for this
survey. This survey measures the perceptions, opinions and behaviors of Ameri-
cans regarding their willingness to collective co-produce emergency service, nat-
ural disaster issues, particularly tornadoes, perceived risks, trust in emergency
management authorities, social capital, political dispositions and other basic de-
mographic characteristics. By utilizing this data, I seek to understand what fac-
tors primarily shape community members’ collective co-production of emergency
service in the context of tornadoes.
For this survey, I recruited survey participants via Amazon’s Mechanical Turk
(MTurk). Among scholars, it has been discussed that MTurk data is not fully
demographically representative when it compares to a demographic representa-
tion sample of the United States. In fact, as Table 4.1 shows, my respondents are
more white, male, have more education and are more politically liberal than what
would be expected in the average population in the United States. Therefore, it
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must be noted that the generalizability of this is limited.
Table 4.1: Summary Statistics
Statistic N Mean St. Dev. Min Max
Dependent variables
Willingness CERT 445 3.243 1.107 1 5
Willing Volunteering 445 3.025 1.182 1 5
Willingness Collective 445 3.321 0.950 1 5
Demographics
Rural 445 0.218 0.413 0 1
Age 445 36.310 10.897 18 78
High.school 445 0.991 0.094 0 1
College 445 0.638 0.481 0 1
Graduate 445 0.173 0.379 0 1
Female 445 0.454 0.498 0 1
Children 445 0.454 0.498 0 1
White 445 0.764 0.425 0 1
Income 445 3.524 1.592 1 7
Employment 445 0.894 0.308 0 1
Home ownership 445 0.474 0.500 0 1
Disaster specific variables
Personal experience with tornadoes 445 0.616 0.487 0 1
Community experience with tornadoes 445 0.636 0.482 0 1
Risk perception 445 4.800 2.238 0 10
Salience 445 3.519 1.808 1 8
Emergency service importance 445 7.422 2.470 0 10
Trust in local 445 6.987 2.288 0 10
Political and social dispositions
Social capital 445 4.202 0.972 2 7
Trust in federal 445 5.715 2.640 0 10
Efficacy 445 5.526 2.592 1 10
Republican 445 0.317 0.466 0 1
Democrat 445 0.425 0.495 0 1
Political ideology 445 3.667 1.881 1 7
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4.3.2 Measurement
To understand citizens’ motivation for collective co-production in emergency ser-
vice delivery, I include three dependent variables. First, the willingness to partic-
ipate in the Community Emergency Response Team (CERT) was included. Each
respondent was asked how much they are willing to participate in the Commu-
nity Emergency Response Team (CERT) which educates community members
about disaster preparedness and trains them to play a role as first responders for
their family and neighbors before professionals arrive at the venue of emergencies
(1=“not at all”, 5 =“a great deal”) to measure this variable. The second de-
pendent variable is “willingness to volunteer for organized groups”. To measure
this variable, each respondent was asked how much they are willing to become
a member of nongovernmental organized groups to help with addressing emer-
gencies (1=“not at all”, 5 “a great deal”). Both of these activities are types
of collective co-production of emergency service, however, the emergency service
providers community members work with vary. For instance, community mem-
bers collectively co-produce emergency service with nongovernmental organized
groups by volunteering for those groups while community members work with
local emergency management authority via CERT. Finally, I create a “willing-
ness for collective co-production” variable. This is an index variable calculated
based on two measurements “willingness to volunteer for nongovernmental or-
ganized groups” and “willingness to participate in Community Emergency Re-
sponse Team (CERT)”. I seek to investigate the motivations of overall collective
co-production willingness by including this dependent variable in this chapter.
Based on these three dependent variables, I conduct three analyses respectively.
This study includes several important demographic variables following the
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previous literature both in emergency management and public administration.
This article includes gender (1=“ female”, 0=” male”), age (respondent’s actual
age), education (dummy variable for high school, college and graduate education),
race (dummy variable for White), and income (variable ranging from 1 to 4
where 1 represents “less than $ 25,000” and 7 indicates “$ 150,000 or more”).
This article also includes home-ownership of individuals (0=” do not live in their
property”, 1= “live in their property instead of renting a house”), the number
of children individuals live with (0= “none” to 4 = “four or more”) and rural,
individual household location (0=“urban or suburban”, 1=“rural”). Finally, I
include employment status (0= “not employed”, 1= “part-time” and 2=“full
time”).
In this chapter, I include variables to measure issue-specific factors such as
service importance, risk perception, issue salience and disaster experience. To
measure service importance, each respondent was asked to answer how important
they think emergency service is at their residence (from 0= “not at all important”
to 10=“extremely important”). For risk perception, I asked respondents to an-
swer the question of “Using a scale from zero to ten, how do you rate the overall
risk to you and your family from tornadoes? (from 0= “no risk” to 10=“extreme
risk”). Additionally, to measure the perceived salience of tornadoes, respondents
were asked to answer the question of “ Assuming zone - 0 experiences the lowest
number of ”killer tornadoes” and zone-8 experiences the highest number of ”killer
tornadoes”, in which zone do you think your primary residence is located (from
1=“no killer tornadoes” to 8=“highest number of killer tornadoes”). Finally,
I include two variables to measure disaster experience. First, the respondents
were asked to answer if they have had personal experience with tornado dam-
ages in their residence (damage experience 1= “personally experienced tornado
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damages”, 0 = “ no personal experience). Also, I asked respondents if tornadoes
have ever hit their community since they started living in your community (com-
munity experience 1= “Yes”, 0 = “no”). I expect to measure both experiences
of tornadoes and experience of tornado damages which are different from each
other. Finally, to measure self-efficacy in the context of disasters, I ask respon-
dents two questions about their perceived efficacy during and after emergencies.
Each respondent was asked how much of a difference they believe that they can
make if they go out to help their neighbors during and after emergencies (from
0=“no difference” to 10= “ extreme difference”). Based on these two questions,
I calculated the average scores of these two variables and created an average
efficacy variable.
I, finally, include several measures of political and social predispositions. First,
I included political ideology and party identification variables. Respondents were
asked to report their political ideology (1 = “strongly liberal” to 7 = “ strongly
conservative”) and party identification (Republican, Independent, or Democrats).
Based on this I created dummy variables for Republicans and Democrats. Also,
I include public trust in the federal government variable. To measure this vari-
able, each respondent was asked to answer how confident they are that FEMA,
the federal agency for emergency management, will provide effective assistance
to you and your community if you experience a natural disaster (0 =“ not at
all confident”, 10=“completely confident”). Additionally, I create public trust in
local government variable. I include this variable to measure individual trust in
the local emergency management office. Each respondent was asked to answer
how confident they are that the local emergency management office will address
emergencies such as tornadoes for your community (from 0= “not at all confi-
dent” to “completely confident”). Finally, respondents were also asked to rate 6
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statements to measure the social capital of them. Based on these ratings, this
article created a variable of social capital (1 = “lower social capital” 7 = “higher
social capital”).
4.4 Results
4.4.1 Results of random forest regressor models
Figure 4.1: Modal rankings of relative decisiveness for willingness to participate
in CERT
In this chapter, I first look at two dependent variables: one, citizens’ willing-
ness for collective co-production via CERT and the other, citizens’ willingness for
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Figure 4.2: Relative decisiveness of variables for willingness to participate in
CERT
co-production through volunteering for nongovernmental organized groups in the
context of tornadoes. Additionally, I created a general collective co-production
willingness by creating an index based on these two dependent variables. Based
on these three dependent variables, I conducted random forest regressions 1. In
this analysis, I first calculated modal rankings of variable decisiveness concerning
individual willingness for co-production via CERT and volunteering as well as
the willingness to general co-production in the context of tornadoes (see Figure
4.1, Figure 4.3, Figure 4.5 respectively). Furthermore, I also provide the per-
1
The Cronbach’s alpha is 0.83 between willingness to participate in CERT and to volunteer variables
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centages in relative decisiveness of each explanatory variable in Figure 4.2 Figure
4.4 and Figure 4.6. While random forest regressors do not provide quantitative
interpretation with these percentages in relative decisiveness, it helps us identify
the clusters of decisive factors among all explanatory variables.
Figure 4.3: Modal rankings of relative decisiveness for willingness to volunteer
First, when I consider both Figure 4.1 and Figure 4.2, social capital seems to
be the most decisive factor in the structure of citizens’ willingness for collective
co-production via CERT. Figure 4.2 particularly shows that social capital is the
most decisive factor by a notable margin (approximately 0.16 in relative deci-
siveness). Age, efficacy and service importance and trust in local government are
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Figure 4.4: Relative decisiveness of variables for willingness to volunteer
also one of the most decisive factors leading to citizens’ willingness for collective
co-production via CERT in the context of tornadoes. Figure 4.2 shows that there
four variables are relatively important by approximately 0.1 in relative decisive-
ness. Trust in the federal government and risk perception also play important
roles in structuring citizens’ willingness for collective co-production via CERT.
However, similar to the previous result, trust in federal government is less decisive
than trust in local government in the context of emergency service.
Income level, issue salience, political ideology and personal experience regard-
ing tornadoes seem to be similarly decisive at a lower level. While demographic
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variables have been highlighted in both citizen co-production and emergency
management literature, similar to what I have found in previous sections, most
of the demographic characteristics may be associated with differences in prepared-
ness but is not a decisive factor in predicting citizens willingness for collective
co-production via CERT.
Figure 4.5: Modal rankings of relative decisiveness for collective co-production
Second, I look at both Figure 4.3 and Figure 4.4 to investigate the relative
decisiveness of factors in shaping citizens’ willingness for collective co-production
via volunteering in the context of tornadoes. The result indicates that, similar to
willingness for participating in CERT, social capital is the most decisive factor
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Figure 4.6: Relative decisiveness of variables for collective co-production
in structuring citizens’ willingness to volunteer for non-governmental groups in
respond to and recover from tornadoes. Figure 4.4 particularly shows that social
capital is the most decisive factor by a notable margin (approximately 0.16 in
relative decisiveness). Furthermore, self-efficacy is also one of the most decisive
factors leading to citizens’ willingness for collective co-production via volunteering
for nongovernmental organized groups in the context of tornadoes. Self-efficacy is
relatively important by approximately 0.12 in relative decisiveness. Next, service
importance, trust in local and federal governments also play important roles
in structuring citizens’ willingness for collective co-production via volunteering.
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Similar to previous chapters, the result shows that trust in local government is a
more important factor than trust in the federal government.
While a majority of demographic characteristics are relatively decisive at the
lowest level, age is more decisive than other demographics and many of politi-
cal disposition variables. Furthermore, while community experience variable is
relatively decisive at the lowest level, personal experience seems to be relatively
important than community experience and other demographic characteristics in
predicting citizens’ willingness for collective co-production via volunteering.
Finally, I look at both Figure 4.5 and Figure 4.6 to investigate the relative de-
cisiveness of factors in shaping the general willingness for collective co-production
in the context of tornadoes. As stated, I created the willingness for collective co-
production variable by taking the average value of willingness for CERT and
willingness for volunteering variables. The result shows that the relative impor-
tance of variables is very similar to the ones for citizens’ willingness for collective
co-production via CERT and via volunteering.
Social capital seems to be the most decisive factor in the structure of citi-
zens’ willingness for collective co-production via CERT. Figure 4.6 particularly
shows that social capital is the most decisive factor by a notable margin (approx-
imately 0.175 in relative decisiveness). It has been consistently observed that
social capital is the most decisive factor in shaping citizen’s willingness for any
form of collective co-production. Following the social capital variable, efficacy,
service importance trust in local government and trust in federal government in
the context of emergency management are also one of the decisive factors than
others. While I may argue that these three variables are definitely more decisive
than any other demographic characteristics, given that I calculated the mean rel-
ative decisiveness by utilizing 40 random forests, I cannot conclude that service
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importance is more decisive than efficacy or trust in local government.
However, as stated, these three variables and social capital variable is much
more decisive than a majority of demographic characteristics and many of po-
litical dispositions. Similar to what I found in previous section, demographic
characteristics are relatively decisive only at the lowest level. While scholars
have heavily focused on risk perception in shaping citizen’ behaviors and will-
ingness to take actions in the context of disasters and emergencies, it has been
observed that risk perception is relatively decisive at the moderate level.
4.4.2 Results of Ordered Probit Regression Analyses
I conducted random forest regressions to understand the motivations of citizens
collective co-production and I found that social capital, efficacy, service impor-
tance, trust in the local and federal government as well as age consistently seem
one of the most decisive factors to shape citizens’ willingness to collectively co-
produce emergency service in collaboration with government and nongovernment-
led groups. In contrast, most basic demographic characteristics such as household
location, education and gender and other political predisposition variables such
as party identification and political ideology do not seem to be strongly decisive
to structure citizens’ collective co-production willingness.
While random forest regressions provide valuable information regarding the
relative decisiveness of factors without requiring parametric assumptions and fac-
ing high correlation issues among explanatory variables, it does not allow us to
understand the directions of variable effects. For instance, we can only guess
that people with higher social capital may tend to collectively co-produce emer-
gency service more than others, given that previous theoretical and empirical
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studies have argued that. Random forest regression analysis can only say that
social capital is important but it does not say whether it positively or negatively
affects citizens’ collective co-production willingness. To complement the limita-
tions of random forest regressor results, I also took more traditional statistical
approaches. Three dependent variables in this study, willingness to participate
in CERT, willingness to participate in non-governmental groups and general will-
ingness to co-produce, are measured as ordinal variables. Therefore, I conducted
standardized ordered probit regressions to see the directions of effect size. The
standardized ordered probit regressions also provide standardized coefficients,
therefore, I can compare the effect size of variables. Table 4.2 shows the results
of these analyses.
Table 4.2 indicates that age, one of the most decisive factors, is negatively
and statistically associated with citizens’ willingness to collective co-production.
The results show that older people are less willing to participate in CERT or
nongovernment-led groups to respond to and recovery from tornadoes. Income
variable is also positively and significantly associated with citizens’ willingness
for collective co-production behaviors.
While trust in federal government emergency service is not statistically as-
sociated with citizens’ willingness to collectively co-produce emergency service,
trust in local government is positively and significantly associated with it. Those
who trust in local government in the context of emergency service more are more
willing to join CERT or to volunteer for non-governmental groups to respond to
and recover from tornadoes. The size of standardized coefficient shows that trust
in local government has the largest effects on citizens’ willingness for collective
co-productions. Furthermore, those who perceive higher efficacy are more will-
ing to collectively co-produce emergency service for tornadoes. It has been also
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Table 4.2: Standardized ordered probit regression analyses
Dependent variable:
willing certf willing collectivef
(1) (2) (3)
Demographics
Rural 0.119 0.119 0.107
(0.130) (0.130) (0.131)
Age −0.349∗∗∗ −0.349∗∗∗ −0.173
(0.114) (0.114) (0.115)
High.school −0.871 −0.871 −0.745
(0.592) (0.592) (0.577)
College −0.007 −0.007 −0.089
(0.122) (0.122) (0.124)
Graduate 0.113 0.113 0.152
(0.155) (0.155) (0.157)
Female 0.009 0.009 0.167
(0.111) (0.111) (0.113)
Children 0.148 0.148 0.152
(0.113) (0.113) (0.114)
Income 0.212∗ 0.212∗ 0.226∗∗
(0.112) (0.112) (0.113)
White −0.165 −0.165 −0.120
(0.133) (0.133) (0.135)
Employment 0.251 0.251 0.283
(0.174) (0.174) (0.177)
Home ownership −0.142 −0.142 −0.094
(0.113) (0.113) (0.115)
Disaster specific variables
Personal experience 0.303∗∗ 0.303∗∗ 0.394∗∗∗
(0.119) (0.119) (0.122)
Community experience −0.022 −0.022 0.013
(0.123) (0.123) (0.125)
Risk perception 0.108 0.108 0.094
(0.139) (0.139) (0.140)
Salience 0.068 0.068 −0.055
(0.140) (0.140) (0.141)
Service importance 0.251∗ 0.251∗ 0.410∗∗∗
(0.131) (0.131) (0.133)
Trust in local govt. 0.369∗∗∗ 0.369∗∗∗ 0.389∗∗∗
(0.142) (0.142) (0.143)
Political and social dispositions
Social capital 0.231∗ 0.231∗ 0.452∗∗∗
(0.124) (0.124) (0.127)
Efficacy 0.172 0.172 0.285∗∗
(0.111) (0.111) (0.113)
Trust in federal 0.171 0.171 0.200
(0.128) (0.128) (0.130)
Republican 0.097 0.097 −0.061
(0.155) (0.155) (0.158)
Democrat 0.208 0.208 0.174
(0.146) (0.146) (0.148)
Political ideology 0.026 0.026 0.184
(0.147) (0.147) (0.148)
Observations 445 445 445
AIC 1260.576 1296.166 1100.376
BIC 1371.224 1406.814 1221.024
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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observed that eople who believe that emergency service is important are more
willing to work with the government via CERT to co-produce emergency service.
Random forest regressor analyses show that social capital is the most deci-
sive factor in shaping citizens’ willingness to collectively co-produce emergency
service. Table 4.2 indicates that social capital is positively and significantly as-
sociated with citizens’ willingness to collectively co-produce emergency service.
People with higher social capital are more willing to participate in CERT and to
volunteer for non-governmental groups to respond to and recovery from torna-
does. According to the size of coefficient, social capital seems to be the fourth
most important factor.
It should be noted that personal experience is strongly associated with citi-
zens’ willingness to collectively co-produce emergency service. The result shows
that people who previously have tornado experience are more willing to collec-
tively co-produce emergency service to respond to and recover from tornadoes.
The size of the coefficient of personal experience is relatively much larger than
any other variable, even than social capital. However, according to the random
forest regressor analyses, personal experience is relatively less important than
other variables such as social capital, efficacy, service importance, age and trust
in the local and federal government.
Additionally, given that I argue the importance of social capital in this chap-
ter, I also created first different plots of social capital for willingness for CERT,
volunteering and collective co-production (See Table 4.7, Table 4.8, and Table 4.9
respectively). These first different plots show the difference in predicted probabil-
ity of having the minimum and maximum social capital value when all the other
variables are held constant. These three plots indicate that social capital has a
positive effect on “a lot” and “ a great deal” categories. In other words, higher
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social capital increases the probability of getting into the higher willingness for
CERT, volunteering and collective co-production groups. In contrast, a higher
social capital has a negative effect on lower categories such as “ a little” and “
non at all”.
Figure 4.7: First difference plot of social capital for willingness for CERT
4.5 Discussions
In this chapter, I sought to understand the determinants and motivations of citi-
zen’s willingness for collective co-production in the context of emergency service.
More specifically, I intended to understand the role of social capital in structure
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Figure 4.8: First difference plot of social capital for willingness for volunteering
citizens’ willingness to collectively co-produce emergency service via the CERT
program and volunteering for non-governmental groups to respond to tornadoes.
Using survey data from states prone to tornadoes, I utilized random forest re-
gressions and I found that social capital is the most decisive factor to structure
citizen’s willingness to collectively co-produce in collaboration with local govern-
ment and non-governmental groups.
While scholars have recognized the importance of social capital in citizen co-
production Ostrom (1996); Schafft and Brown (2000); Lachmund (1998), it has
been under-investigated in co-production studies. Scholars have often more fo-
cused on basic demographic characteristics or citizens’ general attitudes toward
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Figure 4.9: First difference plot of social capital for willingness for collective
co-production
government Parrado et al. (2013); Bovaird et al. (2016, 2015). However, the anal-
yses in this chapter suggest that social capital is the most decisive factor shap-
ing willingness to collectively co-produce emergency service via both the CERT
program and volunteering for non-governmental groups among citizens and com-
munity members. The standardized ordered probit regression models also show
that the size of coefficient of social capital is relatively greater than many other
variables although this does not have the greatest effect on the dependent vari-
able. By utilizing ordered probit regression model, I found that when people have
higher social capital, they are more likely to collectively co-produce emergency
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service to respond to and recover from tornadoes. This result suggests that co-
production scholars and practitioners may actively need to consider social capital
as a key factor to understand and promote citizen’s collective co-production of
public service.
The results of these analyses are valuable, however, it should be noted that
the generalization of these results is somewhat limited mainly due to the limited
survey sample collected via MTurk. Further investigations with more representa-
tive data should be implemented. Furthermore, the results of these analyses may
be only limited to citizens’ co-production in the context of emergency service.
It is required to investigate the decisiveness of social capital in shaping citizens’
collective co-production behaviors and willingness in other public service areas
to develop more rigorous arguments regarding the role of social capital in citizen
co-production. Finally, as the previous chapter shows, the utilization of both ran-
dom forest regressors and ordered probit regression models provided somewhat
nuanced evidence regarding the effect of social capital and personal experience.
While personal experience is one of the least decisive factors in random forest
regressor analyses, it seems to have the strongest effect on citizens’ willingness
for collective co-production in emergency service. This indicates that further




What is the role of citizens in public administration? How may public man-
agers promote citizen participation in public administration? Through the lens
of citizen co-production, I aim to build a research program to understand citizen
participation in public service delivery particularly in the context of emergency
management. As a first step, I sought to understand the determinants and mo-
tivations of citizen participation, denoted as citizen co-production, in emergency
service delivery.
In this dissertation, I defined citizen co-production as the process that cit-
izens contribute to public service delivery by providing knowledge, resources
such as time, money and efforts and cooperating with professional public service
providers. While there have been scholarly arguments, I argue in this dissertation
that citizen co-production does not necessarily include direct relationships and
interactions between citizens and professional public service providers. If citizens
change their behaviors based on the policy recommendations and orders of pro-
fessional public service providers and their behavioral changes enhance the public
service delivery process and its outcomes, I consider it as citizen co-production
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of public service.
As a part of a broader research program, I first sought to understand why
and why not citizens decide to co-produce public service. More specifically, I
examined the determinants and motivations of citizens’ individual and collective
co-production of emergency service before, during and after tornadoes with an
emphasis of public trust. Scholars have sought to understand the motivations
of citizen co0production and they have found that several demographic charac-
teristics, perceptions of public service, attitudes toward general government and
intrinsic and extrinsic motivations are shaping citizens’ co-production behaviors
and willingness.
While this body of literature has significantly contributed to the scholarly
endeavors, it has been also criticized that there have been insufficient quantitative
studies that may produce more generalizable conclusions. Furthermore, citizen
co-production studies have heavily focused on several public service areas such as
health, education, environment service and there has been a lack of investigation
in other public service areas. Finally, scholars have found various variables that
may be positively or negatively associated with citizens’ co-production behaviors
and willingness, scholars have not been able to conclude among all these variables,
which one is the most decisive and important factor to structure citizens’ co-
production behaviors and willingness in public service delivery.
Given that, throughout three empirical chapters of this dissertation, I sought
to contribute to addressing some of these limitations. First, using unique survey
data sets, I particularly examine the emergency service area and citizens’ mo-
tivation for co-production behaviors and willingness to prepare for, respond to
and recover from tornadoes and related damages. Testing arguments and find-
ings related to citizens’ co-production motivations in different public service areas
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expect to contribute to producing more generalizable conclusions regarding the
subject matter. Furthermore, the novelty of this dissertation is that it utilized
two different quantitative approaches, machine learning, and traditional statis-
tical approaches to understand the relative decisiveness of factors among many
others and examine how these decisive factors affect citizens’ co-production be-
haviors and willingness.
In the first chapter, I first reviewed the traditional studies on public par-
ticipation to describe how public administration scholars have looked at public
participation in the administrative process. As stated previously, scholars have
heavily focused on the role of the public in the administrative decision making and
agenda setting context. However, citizen co-production scholars have argued that
citizens may participate in the process of public service delivery. I then reviewed
citizen co-production literature to examine the scholarly definitions and levels
of citizen co-production. Based on the previous literature, I defined citizen co-
production and also defined what citizens’ individual and collective co-production
mean in emergency service delivery. I described the examples of citizens’ individ-
ual and collective co-production before, during and after disasters, particularly
tornadoes. I also reviewed existing studies in public administration to select the
variables for quantitative analysis that affect citizens’ co-production of public ser-
vice. Furthermore, given that I particularly focus on the emergency service area, I
also reviewed emergency management literature to explore issue-specific variables
that shape citizens’ behaviors and willingness in the context of emergencies and
behaviors. In this chapter, in addition to various variables discussed in the previ-
ous literature, I argued that public trust, both trust in issue-specific agencies and
social capital may play primary roles in shaping citizens’ co-production behaviors
and willingness. Finally, I introduced a relatively uncommon machine learning
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technique in public administration, a random forest regressor. I described how
random forest regressor allows us to understand the relative decisiveness of factors
in comparison to the traditional statistical approaches. However, I also argued
that a random forest regressor is somewhat limited, therefore, the utilization of
both random forest regressor and traditional statistical approaches is required for
a comprehensive understanding of the determinants and motivations of citizens’
co-production behaviors and willingness.
In the second chapter, I ask how does public trust in issue-specific agencies,
in conjunction with individual characteristics, affect citizens’ co-production of
public service? Furthermore, I also investigated the relative decisiveness of public
trust in shaping citizens’ co-production behaviors. In this chapter, I particularly
looked at citizens’ cooperation with professional public service providers as a form
of individual co-production in the context of emergency service. To that end, I
examine how public trust in local emergency service agencies shapes the level of
citizens’ preparedness for tornadoes that are recommended by emergency service
agencies. Utilizing a standardized OLS regression, I found that public trust in
local emergency service agencies, as a mediator, is positively associated with
citizens’ preparedness for tornadoes. Furthermore, the random forest regressor
analysis indicated that public trust in local emergency service agencies seems
to be one of the most decisive factors in structuring citizens’ cooperation with
local emergency service agencies in addition to social capital. The standardized
coefficients of public trust in an OLS model also supported the results of the
random forest regressor analysis.
In Chapter Three, I focused on citizens’ cooperation with local emergency
service providers during tornadoes. More specifically, I sought to understand the
factors shaping citizens’ decisions on taking protective actions during tornadoes.
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Citizens are recommended to move to a sheltered area when tornadoes warnings
are issued. Drawing theories and empirical arguments from various disciplines, I
investigated the decisiveness of factors that are associated with citizens’ decisions
on taking protective action during tornadoes and willingness for future events.
Using unique survey data, the random forest regressor analyses indicated that in
the case of citizens’ co-production behaviors and willingness during tornadoes,
the most decisive variables are related to risk perception, trust in local emer-
gency service and social capital. However, logistic regression analyses conducted
to complement the results of random forest regressor provide somewhat nuanced
results particularly around the effect of social capital. While social capital seemed
to be one of the most decisive factors to shape citizens’ willingness to take pro-
tective actions during tornadoes in the random forest regressor, it doesn’t seem
to be statistically significant in the logistic regression model.
While scholars have argued that much of the potential benefits from co-
production are more likely to occur from collective activities than individual co-
production of public service, it has been observed that citizens are more likely and
more willing to participate in co-production activity when the action required in
the co-production process carried out individually. Given that, in Chapter Four,
I sought to reveal how scholars and practitioners can promote citizens’ willing-
ness to collectively co-produce public service. To that end, I investigated citizens’
willingness to participate in CERT and to volunteer for non-governmental groups
to respond to and recover from tornadoes and related damages. In this chapter,
in addition to various factors discussed in existing literature, I argued that so-
cial capital is the key to structure citizens’ willingness to collectively co-produce
emergency service. Utilizing a unique public survey, I found that social capital
is the most decisive factor to shape citizens’ willingness to co-produce emergency
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service in the context of tornadoes via both government and nongovernment-led
organizations to respond to and recover from tornadoes.
To summarize, throughout this dissertation, the empirical chapters showed
that trust in issue-specific agencies and social capital are one of the most decisive
factors to describe the variations in citizens’ co-production behaviors and willing-
ness before, during and after tornadoes. While scholars have been interested in
citizen co-production, there has been a lack of effort to develop theories of citizen
co-production. The results of this dissertation provide an opportunity to develop
a theory of citizen co-production particularly around public trust. Further the-
oretical and empirical investigations are required to understand the dynamics of
trust in issue-specific agencies and social capital in the entire process of public
service delivery for the development of the theory of citizen co-production.
Furthermore, while scholars in public administration and emergency manage-
ment have heavily focused on demographic characteristics and political disposi-
tions to understand citizens’ co-production behaviors and willingness, the find-
ings of this dissertation indicate that issue-specific factors are more important.
This provides an implication that citizens’ co-production of public service should
be understood in a more specific context of each public service area instead of
focusing on more generalized factors.
One of the biggest potential critics might be centered around the question of
the scope of citizen co-production. Some may argue that citizens co-production
can be anything or nothing especially given that citizen co-production does not
necessarily require direct relationships. I still argue that as long as citizens be-
havioral changes can enhance public service delivery and its outcomes, citizen
co-production may occur with and without direct relationships and interactions
with professional public service providers. However, it should be required to see
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whether citizens behavioral changes actually occur due to policy recommenda-
tions and orders. For instance, it is reasonable to argue that citizens prepare
for tornadoes and any other emergencies because they have been recommended
to do so by emergency service providers. However, it is also required to see
if they actually made those decisions based on the recommendations and or-
ders of emergency service providers. In Chapter Two, it is not clear whether or
not citizens prepared for tornadoes as a means of cooperating with local emer-
gency service agencies: they might have prepared due to the recommendations of
non-governmental organizations. Future investigation is required to utilize more
qualitative data collection and analysis to address this issue.
This dissertation is a small part of a broader research program. I aim to un-
derstand the effect of public trust in the process of citizen co-production and how
citizen co-production shapes public service process and its outcomes. By utiliz-
ing a multi-method approaches, I seek to keep exploring the aspects of citizen
co-production in public service delivery, particularly in the context of emergency
service. For instance, while scholar have normatively and empirically argued the
positive role of citizen co-production of public service, it is under-investigated
whether public managers are willing to involve citizens in the process of public
service delivery while scholars have argued that public managers’ willingness may
play an important role in including citizens in the administrative process. Do pub-
lic managers trust citizens to be capable of co-producing public service? How does
their trust in citizen affect their willingness to promote citizens’ co-production
of public service? I seek to answer these questions through the interactions with
public managers, particularly emergency managers and other emergency service
providers. Another important question to be answered is whether citizen co-
production can in fact improve public service delivery and its outcomes particu-
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larly in the context of emergency service. In order to do so, it is first required to
come up with the ways of measuring emergency service outcomes. What does it
mean by emergency service performance and outcomes? How do we operational-
ize them? This process will build steps for investigation the relationship between
citizen co-production of emergency service and emergency service delivery and
outcomes.
Methodologically, this dissertation introduces a relatively uncommon machine
learning technique in public administration and shows how scholars may utilize
both machine learning and traditional statistical approaches together. While the
introduction of machine learning technique came from the limitation of tradi-
tional statistical approaches, this dissertation does not argue that machine learn-
ing techniques are superior than traditional statistical approaches or vice versa.
Instead, I argue that the utilization of both approaches may give us opportunities
to complement the limitations of each method and produce more comprehensive
knowledge about the subject matter. However, as previously stated, the utiliza-
tion of both methods has also showed that there are some contradicting results.
In the future research, I seek to assess these two methods to understand this
issues particularly by quantifying uncertainties around these two methods.
148
Bibliography
Ablah, Elizabeth, Kurt Konda and Crystal L Kelley. 2009. “Factors predict-
ing individual emergency preparedness: a multi-state analysis of 2006 BRFSS
data.” Biosecurity and bioterrorism: biodefense strategy, practice, and science
7(3):317–330.
Adams, Brian. 2004. “Public meetings and the democratic process.” Public Ad-
ministration Review 64(1):43–54.
Agranoff, Robert and Michael McGuire. 2003. Collaborative public management:
New strategies for local governments. Georgetown University Press.
Albrecht, Frederike. 2017. “Government accountability and natural disasters:
The impact of natural hazard events on political trust and satisfaction with
governments in europe.” Risk, Hazards & Crisis in Public Policy 8(4):381–410.
Alford, John. 1998. “A public management road less travelled: Clients as co-
producers of public services.” Australian Journal of Public Administration
57(4):128–137.
Alford, John. 2002. “Why do public-sector clients coproduce? Toward a contin-
gency theory.” Administration & Society 34(1):32–56.
Alford, John. 2009. Engaging public sector clients: From service-delivery to co-
production. Springer.
Alford, John. 2014. “The multiple facets of co-production: building on the work
of Elinor Ostrom.” Public Management Review 16(3):299–316.
Alford, John and Sophie Yates. 2016. “Co-Production of public services in aus-
tralia: The roles of government organisations and Co-Producers.” Australian
Journal of Public Administration 75(2):159–175.
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